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AVERMECTIN DERIVATIVES 



BACKGROUND OF THE ilMVENTlON 

The term avermectin (previousiy referred to as 0*076) Is used to describe a series of compounds 
isolated from the fermentation broth of an avennectin producing strain of Streptomyces avemiitilis and 
5 derKratives thereof. The morphological characteristics of the culture are completely described In U.S. Patent 
No. 4.310.519. The avenmectin compounds are a series of macrolldes, each of which is substituted thereon 
at the 13-p03ition with a 4-{a-L-oleandro3yO-a-L-oleandrose group. The avennectin compounds and the 
Instant derivatives thereof have a very high degree of anthelmintic and antl-parasltJc activity. 

The avermectin series of compounds isolated from the femientation broth have the following structure: 




wherein R Is the 4'«(tirl-oleandrosyl}-cH-o1eandn>se group of the structure: 



oo 



33 




and wherein the broken line indicates a single or a double bond; Rt Is hydrogen or hydroxy and Is present 
only when said broken line Indicates a single bond; 
R2 Is iso-propyl or sec-butyl; and 
R3 is methoxy or hydroxy. 

There are eight different avermectin natural product compounds and they are given the designations 
Ala, Alb. A2a. A2bt B1a. Bib. B2a and B2b based upon the structure of the Individual compounds. 

In the foregoing structural formula, the indivklual avermectin compounds are as set forth below. (The R 
group Is 4'(crL-oleandrosyl*crL-oleandrose): 
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Ala (22.23-Double Bond) 

Alb (22.23-Double Bond) 

A2a -OH 

A2B -OH 

Bla (22^3-Oouble Bond) 

81 b (22.23-Oouble Bond) 

B2a -OH 

B2b -OH 



R2 

sec-butyl 

Isoiwropyl 

sec-butyl 

iso-propyl 

sec-butyl 

iso-propyl 

sec-butyl 

is?propyl 



R3 

-0CH3 
-0CH3 
-0CH3 
-0CH3 

-OH 
-OH 
-OH 
•OH 



The avermectin compounds are generally Isolated as mixtures of a and b components. Such com- 
pounds differ only In the nature of the R2 substituent and the minor structural differences have been found 
to have very little effect on the isolation procedures, chemical reactivity and biological activity of such 
compounds. 

The temninai hydroxy group of the 13-posltlon disaccharlde substituent is situated at what is refenred to 
as the 4"-position. In U.S. patent 4,427,663 to Mrozlk, certain 4 derivatives of avermectin compounds are 
discussed, specifically 4''-amlno compounds. Amino and alkyi amino derivatives at the 4 -position are 
disclosed however the semicarbazones and hydrazones of the instant invention are not suggested. 



SUMMARY OF THE INVENTION 

The instant invention is concerned with certain derivatives of avermectin compounds wherein the 4- 
hydroxy group Is oxidized to ketone and replaced by a semicarbazone, carbonyl- or sulfonyl-hydrazone. 
hydrazone or oxime and optionally reduced to tie con^sponding semicarbazide, carbonyl- ^or sulfonyl- 
hydrazide or hydrazine. Thus it is an object of the instant invention to describe such 4''-sub$tltuted 
avemiectin compounds. A further object is to describe processes for the preparation of such compounds. A 
still further object is to describe ttie uses of such compounds as anti-parasitic agents and anti-bacterial 
agents. Still further objects will become apparent from a reading of the following description. 



DESCRIPTION OF THE INVElvrnON 

The compounds of the instant invention have the following structural formula. 




55 wherein m is 0 or 1; 

r 

R -(X)„ - N - N = 
Ri is 
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R-{X)„- ill-NH-or 
RON = 

wherein n is 0 or 1 ; 

s R Is hydrogen, amino. Igwerallcyl, mono- or di-lower alky! amino, methoxyloweraikylamino, diloweral- 
kylaminoloweralkyl. diioweralkylamlnoloweralkylamino, !oweraII<ylphenyl. loweralkyl phenyiamino, loweral- 
koxyphenyl, loweralkoxyphenylamlno, halophenyl, halophenylamino, sulfamylphenyl, sulfamylphenylamino, 
morphollnyf, N-loweralkyI piperazinyi. N-(loweraikoxyph©nyl)pip8ra2inyl, N-(haJophenyl)pipera zinyl, ben- 
zimidazolylamino, pyrimidinylamino, thiazoiylamino, benzothlazolyamino, or N-(loweralkyiphenyl)pipera2inyl: 

10 H is hydrogen or loweralkyl; 
X Is carbonyl or sulfbnyi: 
A is a double bond or an epoxide; 
B is a single bond or a double bond; 
R2 Is hydrogen or hydroxy, 

/5 R3 is iso-propyl or seobutyl. 
R4 Is hydroxy or methoxy, 

Rs and Rs are present only when B Is a single bond and are Independently hydrogen, hydroxy or halogen; 

and the broken line indicates a single or a double bond at the 22,23-posttion, provided that R2 Is hydroxy 

only when the broken line indicates a single bond. 
20 The term "loweralkyl" when used in the instant application is intended to represent those aikyi groups 

either straight or branched chain which have from 1 to 5 cart>on atoms. Examples of such alkyi groups are 

methyl, ethyl, propyl, l^-propyl, butyl, sec-butyl, pentyi. and the like. 

The term "loweraikoxy" is intended to Include thosa alkoxy groups of from 1 to 5 carbon atoms In 

either a straight or branched chain examples of such allwxy groups are methoxy. ethoxy, propoxy, butoxy, 
25 pentoxy. isopentoxy and the like. 

The term "loweraikanoyi" Is intended to include those alkanoyi groups containing from 1 to 5 carbon 

atoms in either a straight or branched chain. Examples of such alkanoyi groups are formyl, acetyl, 

propionyl. butyryl, valeryl, and the like. 

Tlie tennn "halogen" Is intended to Include those halogen atoms fluorine, chlorine, bromine and iodine. 
30 One aspect of the preferred compounds of this invention is realized In the above structural fomnuia 

when m is 1, 

O 

Ri is =NNH-C .R 

and R is amino, loweralkyl. mono- or dWower aikyiamino. methoxyloweraikylamino, ditoweral- 
35 kylamlnoloweraikylamlno. toweralkylphenyi, loweralkyl phenylamino, halophenyl, halophenylamino, mor- 
pholinyl. N-loweralkyI piperazinyl. N-(Ioweralkoxyphenyl)plperazlnyi, N-(halophenyl)piperazlnyl, or N- 
(loweralkylphenyl)piperazinyl; 
or Ri is -NH-NRR 

and R is lowaralkyl, methoxyloweralkyi, diloweralkylaminoioweralkyi, loweraikylphenyl. halophenyl, mor- 
40 pholinyl. carbonyl. N-ioweralkyI plperazinyl carbonyl, M-(loweralkylphenyl)piperazinylcarbonyl; 

r' is hydrogen or loweralkyl; 

A is a double bond; 

B is a single bond or a double bond, 

Rz is hydrogen 
45 fh \s iso-propyl or sec-butyl, 

F^i is hydroxy 

Rs and R6 are present only when B is a single bond and are independently hydrogen or fluorine; 
and the broken line indk:ates a single or a double bond at the 22,23-posltion. 

Further examples of preferred compounds of the instant hvention ere wherein M » 1, 
^0 ? 
Ri is =NNH-C -R 

and R is mono- or dHower alkyl amino, ditoweralkyiaminoloweraikylamino, loweraikylphenyl, halophenyl, N- 
loweralkylpiperazinyl, and N-<loweralkylphenyOplp6razinyl 
or Ri Is -NH-NRR' 
55 and R is loweralkyl, or N-(loweralkytphenyl)piperazinyi carbonyl 
R is hydrogen or kmeralkyi; 
A is a double bond; 
Q is a double bond; 
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R2 is hycfcrogen 

R3 is isQ-propyl or sec-butyl. 

R4 is hydroxy!. 

Rs and Rs are hydrogen; 
5 and the broken (ine indicates a single or a double bond at the 22^positlon. 

Prefenred compounds of the Instant invention are realized In the following specific compounds 

4''-Oxoavermectin Bla^lb 4,4K]imethylsemicarbazone 

4''-05(oavermectln 81a/B1b semicarbazone 

4'-Oxoavermectln B1a/B1b monosaccharide 4^nethylsemicarba2one 
10 22,23-Dlhydro-4''-oxo-avenmectin B1a/B1b semicarbazone 

10J1-Oihydro-10-fluoro«4''-oxoavermectin Bla/BIb semicarbazone 

10.11-Dihydro-4'-oxoaven^ectin Bla/BIb semicarbazone 

10,11-0ihydro-10-fluoro-4''-oxoavermectin Bla/BIb 4,4-dlmethylsemlcarbazone 

4'-Oxoavennnectin Bla/lb 2-{{morpholln-4-yl)carbonyi]hydrazone 
ts 4"-Oxoavemiectin B1 a/1 b 4-<1 H-benzimldazol'2-y l)sem!carbazone 

4'-0xoavemnectin Bla/lb 4-(thiazol-2-yi)semicarbazone 

4'-Oxoavermectin Bla/lb 4-03enzothiazol-2-yl)semicarbazone 

4*-Oxoavennectin Bla/lb 4-(pyrimidin-2-yl)semlcarbazone 

4"-Oxoavennectln B1a/1b 4-(4-ch!orophenyl)semlcarbazone 
20 4''-Oxoavemiectin B1 a/1 b 2-[(4-methy lplperazin-1 -y i)cart5onyl]hydra2one 

4][-Oxoavemiectin Bla/lb 2-I(4-ethylpiperazln-1-yl)carbonyl]hydrazone 

4''*0xoavermectin Bla/lb 2-{[4-(isopropylaminocarbonylmethyl)p{perazin-1«yl]carbonyl}hydrazone 

4''-Oxoavenmectln B1a/1b 2-{[4-(4-chlorophenyl)piperazin-l-yl)carbonyl)hydra2on0 

4''-Oxoavenmectin Bla/lb 2-{I4-(4-tolyi)piperazin-1-yl]carbonyl}hydrazone 
25 22,23-Dlhydro^%xoav8rmectin Bla/lb 2-{I4-(4-toIyl)plpera2in-1 -yl]carbonyl}hydra2one 

4'-Oxoavermectin Bla/lb 2-{[4-(4-methoxyphenylpiperazln-l-yl)carbonyl}hydrazone 

4''-Oxoavermectin B1 a/1 b 4-(2<limethylaminoethyl)semlcarbazon8. 

4*-Oxoavermectin B1a/1b 4-(2-methoxyethyl)semlcarbazone. 

4''*Qxoavermectin Bla/lb p-toluic acid hydrazone 
30 4''-Oxoavermectin B1a/1 b^p-chlorobenzoic acid hydrazone 

10.11»Dlhydro-10-fluoro-4 -oxoavennectin Bla/BIb p-tolulc acid hydrazone 

4''<Oxoavermectfn B1a/1b acethydrazone 

4'-Oxoavernn8ctin B1a/1b methylsulfonylhydrazone 

4''-Oxoavermectin Bla/lb p-toiuenesulfonylhydrazone 
36 10.11-Dlhydro-10-fluoro-4''-cxoavermectin 6la/Blb p-toluenesulfonylhydrazone 

4*-(Semicarbazld-1-yl)-4''-<i©oxyavermectin Bla/lb 

4''-epi-(Sem!carbazid-1 -ylH*-<i®oxy^enmectin B1 a/1 b 

4''^pl-(4-Methylsemicarfaazid-1 -y IH'-deoxyavennectln B1 a/1 b 

^"-i 2-(|>Toluic acid)hydrazid-1-ylH'-<l©pxyavermectin Bla/lb 
40 4]-[ -2-(To!uenesulfony Dhydrazid-1 '^y4'<to€oc^^emeC&t\ B1 a/1 b 

4"-epi-(2^-Dimethy lhydrazln-1 -yl>4'-<*ooxyav8rmectin B1 a/1 b 

4''-(2,2-Dimethy lhydrazin-1 -ylH^^teoxy avenmectin B1 a/1 b 

22^0lhydro-4'-epK2.2-dimethy lhydrazin-1 -yl)-4'<leoxy avermectin 81 a/1 b 

22.23*Oihydro-4'-epH2^'<3lmethylhydrazin-1-ylH <^ Bla/lb monosaccharide 

45 iai1-0lh>tlro-4'-epK2,2<llmethylhydrazin-1-ylK'<leoxy-1^ Bla/lb 

4''-epHMorphoIin-4-yl)amino-4 -deoxyavermectin Bla/lb 

4''*Oxoavermectin Bla/BIb methoxime 

The "b" compounds. t^K)se with a 2- isa-propyl group, may be somewhat difficult to separate from the 

conresponding "a" compound with a 25-sec-butyl group and as such the compounds are generally isolated 
50 as mixtures of the two compounds. Thus references in the instant application to ''a' compounds such as 

Bla, Ala, and the like, are construed to actually contain a certain proportion of the corresponding "b* 

compound Alternatively, this representation of a mixture is sometimes done by referring to the B1 or B2 

compounds without specifically designating *a" or "b" compounds, or by separating the "a" compound 

from the lo" compound by a slash (/) such as Bla/BIb. B2a/B2b and the like. 
55 The compounds of the instant invention are prepared using the procedures exemplified in the following 

reaction scheme: 
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wherein^ 

m, a R'. X, A, B. Ra. Ra, R*, Rs and Rs ar© as previously defined. 

In the first step of the foregoing reaction sctieme. the avennectln starting materials (I) which may be 
either the naturally occuring products, the 22.2Skiihydro derivatives thereof or the monosaccharide deriva- 
tive thereof, are oxidized at the 4*-position (or 4 -position) to the corresponding Iteto compound (compound 
II). During the procedure the presence of any hydroxy groups at the 5 and 23-posltlons will require that 
such hydroxy groups be protected in order that they too are not oxidized. The 7-hydroxy group is very non- 
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reactive and inert to such reaction conditions and need not be protected. The procedure used to prepare 
the protected intermediates are descn*bed below. The oxidation reaction is carried cut in an inert solvent 
such as methylene chloride using oxalyl chloride or trifluoroacetic anhydride and dimethylsulfoxide as the 
oxidizing agent Additionaily N-dilorosuccinimide and dimethylsulfide may be employed. The reaction 

6 proceeds by dissolving the oxalyl chloride or trifluoroacetic anhydride and dimethylsulfoxide (or other 
oxidizing reagents) in methylene chloride and cooling to from -50 to -80*0 and adding dropwise a 
methylene chloride solution of the avem^ectin compound to be oxidized. The addition Is canied out over a 
period of from 15 minutes to 1 hour and tfien triethylamlne Is added dropwise over a period of from 1 to 15 
minutes. The reaction mixture is then allowed to warm to room temperature over a period of from 1/2 to 1 

10 hour. The compound Is isolated using techniques known to those skilled in the art 

The compounds of the instant invention are prepared by reacting the 4"- or 4 • oxo avemieclins 
(compound II) with the appropriately substituted semlcarbazides, carbonyl or suifonyl- hydrazldes. 
hydrazines, or hydroxyiamines of the formulas: 

76 r1 

R-(X)n-A-IIH2 or RONH2 



r 

where n, R. R and X are as defined above. The reaction is canried out in a buffered solution preferably In 
the presence of pyridine and acetic add. The solvents may be any non reactive solvent such as methanol, 
ethanol, isopropanol. and the like. Methanol is preferred. The reaction Is generally carried out at room 
temperatures* 20 to 25*C, but may be heated at temperatures up to 80*0 in order to accelerate the rate. 
The reaction is usually complete in from 18 to 48 hours at 20 to 25" C and from 30 to 120 minutes at 80* C. 
The pH of the reaction greater than 9 or less than 4 are to iDe avoided since such conditions degrade the 
avermectin substrate. The products, compound IV which are 4"-or 4*'- 0x0 avenmectin semicarbazones, 
carbonylhydrazones, sulfonylhydrazones hydrazones and oximes, are isolated using techniques known to 
those skilled In the art These products are obtained as syn-anti geomtric isomers In varying amounts and 
optionally may be chromatographlcally separated as shown in Table 4. 

These hydrazone products compound IV may be reacted witii a reducing agent to reduce the 4"-!mino 
double bond to a single bond compound V. The reaction is canried out with a mild reducing agent such as 
sodium cyanoborohydride. sodium borohydricfe. or potassium borohydride and the like, and is canied out in 
a solvent not susceptable to reduction by the reducing agent such as methanol, ethanol. isopropanol. and 
the like. Methanol Is preferred. The readtion is carried out at from about 20 to 25 *C and is generally 
complete In from 1 to 4 hours, 4 -or 4 - deoxyavermectin semicarbazide, caritwnylhydrazlde, sulfbnyl- 
hydrazide. and hydrazine products are obtained and are isolated using techniques known to the art. 



PREPARATION OF STARTING MATERIAl^ 

The ultimate starting materials for the compounds of this invention are the avennectin femnentation 
products defined above. Thus It is apparent that addlttonal reactions are required to prepare the instant 
compounds. Specifically, reactions are carried out at the 5, 13, 22, and 23-positions and at the 8. 9 and 10. 
11 double bonds. It is generally pjrefenred to prepare whatever substituente are required at these positions 
before the oxidation at the 4''-lTydroxy and subsequent substitution on the thus produced 4''-keto. Such a 
procedure generally avoids undesirable side reactions. This technique Is not required, however, and if 
desired other sequences may be used. In addition, during the oxidation and substitution reaction described 
above, it is necessary to protect the hydroxy groups at the 5- and 23-posltions to avoid oxidation or 
substitution at such positions. With these positions protected the reactions may be carried out at the 4"- 
and 4' positions without affecting the remainder of the molecule. Subsequent to any of the above described 
reactions the protecting group may be removed and the unprotected product isolated. The protecting group 
^ployed is ideally one which may be readily synthesized, will not be affected by the reactions at the 4 - 
and 4 positions and may be readily removed without affecting any other functions of the molecule. One 
preferred type of protecting group for tiie avermectin type of molecule is tiie tri-substituted silyl group, 
preferably the triaikyl silyl group. One especially prefeoBd example, is ttie t-butyl dimethylsilyl group. The 
reaction preparing ttie protected compound is canied out by reacting ttie hydroxy compound witii tiie 
appropriately substituted silylhalide, preferably tiie siiylchtoride in an aprotic polar solvent such as 
dlmetiiyttormamlde. Imldazoie Is added as a catalyst The reaction Is complete in from 1 to 24 hours and at 
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from 0 to 25* C. For the 5-position hydroxy group th© reaction Is complete In from 1/2 to 3 hours at from 
o' C to room temperature. This reaction is selective to the 5 position under the conditions above described 
and very little, if any. sllylation is observed at other hydroxy substituted positions, if it is desired to protect 
the 23-hydroxy group a 4*. 5.23-tri(phenoxyacetyl) derivative can be prepared. Basic hydrolysis will leave 

5 the highy hindered 23-0-substituent but hydrolize the 5- and 4''-0-phenoxy acetyl groups. The S^ition is 
then protected as described above, selectively with a t-butytdimethylsilyl group. 

The sityl group ts most conveniently removed ]ust prior to hydrazone formation but may be removed as 
the final step after the other contemplated reactions are canied out. The sliyi group or groups are removed 
by stirring tiie sllyl compound In methanol cataiized by an acid preferably a sulfonic acid hydrate such as 

10 methanolic 1.0% p-toluene sulfonic acid monohydrate. The reaction is complete In about 1 to 12 hours at 
from 0* to 50*0. Alternatively tiie silyl group or groups may be removed by treatment of ttie silyl 
compound witii anhydrous pyndine*hydrogen fluoride In tetrahydrofuran. The reaction is complete in from 3 
to 24 hours at from O' to 25* C. 

Another of the starting materials used In tiie foregoing reaction scheme are tfiose in which tiie 22.23 

15 double bond of tiie "1 " type compounds has been reduced to a single bond. As Is readily apparent from an 
analysis of the structure of avermectin starting materials there are 5 unsaturations in the 1 -series of 
compounds. Thus in the one series of compounds it is necessary to reduce the 22,23 double bond while 
not affecting the remaining four unsaturations or any otiier functional group present on the molecule In order 
to selectively prepare ttie 22.23 dihydro avermectins. It Is necessary to select a specific catalyst for the 

20 hydrogenation, one tiiat will selectively hydrogenate tfie leasty hindered from among a series of un- 
saturations. The prefenred catalyst for such a selective hydrogenation procedure is one having tiie formula: 

[(R7)3P)2RhY)] 

wherein 

Rz is loweralkyl. phenyl or !owerail<yl substituted phenyl and Y is halogen. The reduction procedure is 

25 completely described in U.S. Patent 4.199.569. 

The otiier starting materials which are used in the above reaction scheme involve tiie preparation of tiie 
mono-saccharide compound. That is tiiose compounds wherein one of the a-l-o!eandrosyl groups have 
been removed. The removal of the terminal a-holeandrose leaves a hydroxy group at tiie 4 -position which 
. is equally amenable to tiie reactions described in tiie foregoing reaction scheme. Of course In such^a case 

30 the producte prepared are 4'-keto and 4'-deoxy 4'-amino derivatives ratiier than tiie 4 Aoio and 4 -deoxy 
4'-amino derivatives. The processes which may be used to prepare tiie monosaccharide derivatives of tiie 
avermectin compounds are described in U.S. Patent 4.206.205. The reacti'on consiste generally of treating 
tfie starting material disaccharide witti acid in an aqueous organic solvent mixture. Water concentrations of 
from 0.1 to 20% by volume and acid concenti-ations of from about .01 to .1% wiil predomlnantiy produce 

ss tiie monosaccharide product 

A furtfier procedure for tiie preparation of the monosaccharide utiliizes a 1% mineral acid solution in 
isopropanoi at for 20-40* C preferably at room temperature for from 6 to 24 hours. Mineral adds such as 
sulfuric, hydrohalic. piiosphoric and the lil<e may be employed. 

Some of the compounds of the instant invention differ from other avermectin compounds In tiiat the 

40 10.11 double bond is reduced The effBCX of reducing tiie lO.ii double bond is tfiat tiie conjugated diene 
system is broken. The elimination of the conjugated double bonds has a considerable effect on the 
ultraviolet absorption characteristics of tfie molecule and has resulted In a surprising and very significant 
increase in tfie stability of tfie molecule when it is exposed to ultraviolet light, as well as onjinary sunlight 
which has a significant component of ultraviolet light. This increased stability in tiie presence of ultraviolet 

45 light makes these compounds particularly suited to agricultural applications and also to topical animal 
applications where photoinstability would be detrimental to ttie optimum performance of each compound. 

The 8.9 and 10.11 double bonds of the avemnectin starting materials are eittier reduced cataiytically or 
are chemically mocfified. The catalytic reduction is can'ied out using platinum group metals as catalyste 
such as platinum, palladium, rhodium, and ttie like. Generally, the metal catalyst Is dispersed on and 

50 supported on a substrate such as powdered cariaon. The reaction is canied out under a blanket of hydrogen 
gas eitiier at atmospheric pressure or pressurized up to 10 atmospheres (gauge) of hydrogen pressure in 
pressurable equipment ordinarily used for such reactions. The reaction is carried out in a soh/ent which is 
stable to tfie hydrogenation conditions and which will not adversely affect the catalyst. Lower alkanols, such 
as metfianol, ethanol, isopropanoi and ttie like, ettiyl acetate, cyclohexane. and tfie like are suitable. The 

55 reaction is generally carried out at room temperature although temperature as high as 50* C are suitable 
and under such conditions ttie reaction is complete in from 1 to 24 hours. If the hydrogenation apparatus is 
so equipped, ttie progress of tiie reaction may be followed by observing tfie amount, either in volume or In 
pressure drop, of hydrogen tiiat is consumed. The products are isolated using technk|ues known to ttiose 
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sldllad in the art 

The catalytic hydrogenation process generally yields a mixture of products since the avermectin 
starting materials have three or four double bonds which may be hydrogenated. This woutd include the 3,4 
and 22,23 double bonds. The 14,15 double bond Is sterically hindered and generatty requires more vigorous 
reaction conditions than are described above in order to effect hydrogenation. The various hydrogenation 
products are isolated from the mixture of reaction products using standard techniques such as fractional 
crystallization and chromatography. The double bonds which are desired to be retained in the final product 
may be protected to render them inert during the hydrogenation procedure. When the hydrogenation Is 
complete, the double bond may be regenerated by removing the protecting groups. 

The 10.11 double bond may also be reacted chemlcaJly and in the process various substituents at the 
10 and 11 positions (Rs and respectively) are introduced according to the following reaction scheme 
where only the furan ring and carbon atoms 6 to 12 are shown In the partial structural formulas. 




CD C2) C3> C4) 

wherein Rs. and R$ are as defined above and Hal is a halogen. 

Partial structure (1) Is reacted with a reagent capable of preparing a halohydrin group (a 10-hydroxy, 
l1*haio function). Various reagents and reaction conditions are capable of preparing a halohydrin such as 
N-haloacetamlde. N-halosucdmlde, addition of hydrochloric acid to an epoxide, and the like. Bromine Is the 
preferred halogen. When reagwrts such as N-haloacetamide and N-halo succinimlde are used, the reaction 
Is carried out in an Inert solvent, such as acetone, ether, tetrahydrofuran. and the like. The reaction Is 
generally carried out at from -20* to 50* C and is complete in from 30 minutes to 24 hours and is generally 
cam'ed out In the dark. 

The halohydrin compound (2) may be treated with a reducing agent, such as a trialkyltin hydride to 
displace the halogen with a hydrogen. Partial structures (2) and (3). with the 11 -position substituent being a 
halogen or hydrogen constitutes the definition of Rs as shown in partial structure (3). Further reactions are 
possible at the lO-position to convert the hydroxy group to the other groups of Rb (partial structure (4)) 
using techniques known to those skilled In the art 

The epoxide 8,9- compounds of this invention are prepared by treating the appropriately substituted 
avermectin compound with a mild oxidizing agent The oxidizing agent should be capable of preparing the 
epoxide from 8.9 bonds, but not be so strong as to complete cleave the bond or to effect any of the other 
unsaturations or other functional groups present on the molecule. It has been found that oxidizing agents 
with such characteristics are exempOfied by m*chtoroperbenzolc acid, alkyi hydroperoxides catalyzed with 
vanadyl acetyfacetonates, and tfte like. 

The reaction Is canried out In an Inert solvent not capable of being oxidized, such as methylene 
chloride, chlorofonm, and tiie like In order to prevent the reaction from becoming too vigorous, it is carried 
out at moderate temperatures. Generally, nDom temperature is adequate although cooling to a temperature 
of about 0*C is acceptable. The reactk)n Is usually complete in a fairly short time, up to about 2 hours, at 
room temperature. The compounds of this invention are isolated using techniques known to tiiose skilled in 
the art 

Generally, a slight excess of the oxidizing agent is employed such as from about 10 to 30% excess, 
when it Is desired to prepare the 8,9-epoxide. Larger amounts will tend to affect other reactive groups on 
tiie molecule. 

The novel compounds of this Inventton have significant parasitiddal activity as anttielmintics, ec- 
toparasiticides. Insecticides and acariddas. in human and animal health and in agriculture. 

The disease or group of diseases described generally as helminthiasis is due to infection of an animal 
host with parasitic worms known as h^minths. Ke&ninthiasis is a prevalent ami serious economic problem 
in domesticate animals such as swine, sheep, horses, cattle, goats, dogs, cats and poultry. Among the 



10 



EP 0 343 708 A2 



helminths, the group of worms described as nematodes causes widespread and often times serious 
infection in various species of animals. The most common genera of nematodes infecting the animals 
referred to above are Haemonchus, Trichostrongylus . Ostertagia, Nematodlrus , Cooperiat Ascaris . 
Bunostomum, Oesophagostomum . Chabertta, Trichuris , Strongylus , Trichonema, Dictyocaulus , Caplllaria, 

6 Heterakis, Tbxocara , Ascarldia , Oxyuris , Ancylostoma . Uncinarla, Toxascaris and Parascarls. Certain of 
these, such as Nematodlrus , Cooperia and Oesphagostomum attack primarily the Intestinal tract while 
others, such as Haemonchus and Ostertagia, are more prevalent in the stomach while still others such as 
DIctyocaulus are found in the lungs. Still other parasites may located in other tissues and organs of the 
body such as the heart and blood vessels, sut)Cutaneous and lymphatic tissue and the lii<e. The parasitic 

70 infections known as helminthiases lead to anemia, malnutrition, weakness, weight loss, severe damage to 
the walls of the intestinai tract and other tissues and organs amJ, If left untreated, may result in death of the 
infected host. The substituted avennectin compounds of this invention have unexpectedly high activity 
against these parasites, and In addition are also active against Dirofilarla in dogs, Namatosplroldes, 
Syphacia . Asplculuris in rodents, arthropod ectoparasites of animals and birds such as ticks, mites, lice, 

75 fleas, blowfly, in sheep Ludlia sp.. biting insects and such migrating diperous larvae as Hypodenma sp. 
cattle. Gastrophilus in horses, and Cuterebra sp, in rodents. 

The instant compounds are also useful against parasites which infect humans. The most common 
genera of parasties of the gastro-intestinal tract of man are Ancylostoma, Necator , Ascaris , Strpngyloides . 
Trichinella, Capillaria, Trichuris, and Enterobius. Other medically Important genera of parasites which are 

20 found in the blood or other tissues and organs outside the gastrointestinal tract are the filiarlal worms such 
as Wuchereria. Brugia. Onchocerca and Loa. Dracunculus and extra intestinal stages of the Intestinal worms 
Strongyioldes and Trichinella. The compounds are also of value against arthropods parasitizing man, biting 
insects and other dipterous pests causing annoyance to man. 

The compounds are also active against household pests such as the cockroach, Blatella sp., clothes 

25 moth, Tineola sp. , carpet beetle. Attagenus sp.. and the housefly Musca domestica. 

The compounds are also useful against insect pests of stored grains such as Tribollum sp., Tenebrio 
sp. and of agricultural plants such as ^ider mites. (Tetranychus sp. ). aphids. (Acyrthiosiphon sp.) : against 
migrator, orthopterans such as locusts and immature stages of insects living on plant tissue. Ttie 
compounds are useful as a nematocide for the control of soil 'nematodes and plant parasites such as 

30 Meioldogyne spp. which may be of importance in agriculture The compounds are active against other plant 
pests such as the southern army worm and Mexican bean beetle larvae. 

These compounds may be administered orally in a unit dosage iom such as a capsule, bolus or tablet 
or as a liquid drench where used as an anthelmintic in mammals. The drench Is normally a solution, 
suspension or dispersion of the active ingredient usually in water together with a suspending agent such as 

OS bentonite and a wetUng agent or like excipient Generally, the drenches also contain an antifoaming agent 
Drench fonmulations generally contains from about 0.001 to 0.5% by weight of the active compound. 
Prefenred drench formulations may contain from 0.01 to 0.1% by weight The capsules and boluses 
comprise the active ingredient admixed with a carrier vehicle such as starch, tak:. magnesium stearate. or 
di-caldum phosphate. 

40 Where It is desired to administer the avennectin derivatives in a dry, solid unit dosage fomn, capsules, 
boluses or tablets containing the desired amount of active compound usually are employed. These dosage 
forms are prepared by intimately and unifonnly mixing the active ingredient with suitable finely divided 
diluents, fillers, disintegrating agents and/or binders such as starch, lactose, talc, magnesium stearate, 
vegetable gums and the like. Such unit dosage formulations may be varied widely with respect to ttieir total 

45 weighrt and content of the antiparasitic agent depending upon factors such as tfie type of host animal to be 
treated, the severity and type of Infection and tiie weight of the host 

When tiie active compound Is to be administered via an animal feedstuff, it is intimately dispersed in 
the feed or used as a top dressing or In the form of pellets which may tiien be added to the finished feed or 
optionally fed separately. Altematively. tiie antiparasitic compounds of our invention may be administered to 

50 animals parenterally. for example, by intranjminal. intramuscular. Intratracheal, or subcutaneous injection in 
which event the active ingredient Is dissolved or dispersed in a liquid can-ler vehicle. For parenteral 
administration, the active material is suitably admixed witii an acceptable vehicle, preferably of tiie 
vegetable oil variety sud) as peanut oil, cotton seed oil and tiie like. Otiier parenteral vehicles such as 
organic preparation using solketal. glycerol formal, and aqueous parenteral formulations are also used. The 

55 active avemnectin compound or compounds are dissolved or suspended in the parenteral formulation for 
administration: such formulations generally contain from 0.005 to 5% by weight of tiie active compound. 

Altiiough the antiparasitic agents of this invention find their primary use in tiie treatment and/or 
prevention of hekninthiasis, they are also useful in the prevention and treatment of diseases caused by 
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other parasites, for example, arthropod parasites such as ticks, lice, fleas, mites and other biting insects in 
domesticated anImaJs and poultry. They are also effective in treatment of parasitic diseases that occur in 
other animals including humans. The optimum amount to be employed for best results will, of course, 
depend upon the particular compound employed, the species of animal to be treated and the type and 

5 severity of parasitic Infection or infestation. Generally good resuits are obtained with our novel compounds 
by the oral administration of from about 0.001 to 10 mg per kg of animal body weight, such total dose being 
given at one time or in divided doses over a relatively short period of time such as 1-5 days. With the 
preferred compounds of the invention, excellent control pi such parasites is obtained in animals by 
administering from about 0.025 to 0.5 mg per kg of body weight In a single dose. Repeat treatments are 

TO given as required to combat re-infections and are dependent upon tiie spedes of parasite and the 
husbandry techniques being employed. The techniques for administering tiiese materials to animals are 
known to tiiose skilled in the veterinary field. 

When the compounds described herein are administered as a component of the feed of the animals, or 
dissolved or suspended in the drinking water, compositions are provided in which tiie active compound or 

75 compounds are intimately dispersed in an Inert canler or diluent By inert carrier Is meant one ttiat will not 
react witii the antiparasitic agent and one that may be administered safely to animals. Preferably, a carrier 
for feed administration is one that is. or may be. an ingredient of the animal ration. 

Suitable compositions include feed premixes or suppiennents in which tiie active ingredient is present in 
relatively large amounts and which are suitable for direct feeding to the animal or for addition to the feed 

20 either directly or after an intermediate dilution or blending step. Typical caniers or dilutents suitable for 
such compositions include, for example, distillers' dried grains, com meal, citrus meal, fermentation 
residues, ground oyster shells, wheat shorts, molasses solubles, com cob meal, edible bean mill feed, soya 
grits, crushed limestone and tiie like. The active hydrogenated avermectin compounds are intimately 
dispersed tfiroughout the carrier by metiiods such as grinding, stining, milling or tijmbling. Compositions 

25 containing from about 0.005 to 2.0% by weight of the active compound are particularly suitable as feed 
premixes. Feed supplements, which are fed directiy to the animal, contain fn^m about 0.0002 to 0.3% by 
weight of the active compounds. 

Such ^supplements are added to tiie animal feed in an amount to give the finished feed the 
concentiration of active compound desired for the treatment and control of parastic diseases. Although the 

30 desired concentration of active compound will vary depending upon ttie factors previously mentioned as 
well as upon tiie particular avemnectin derivative employed, tiie compounds of this invention are usually fed 
at concentrations of between 0.00001 to 0.002% In tiie feed in order to achieve ttie desired antiparasitic 
result. 

The avemnectin compounds of this invention are also useful in combatting agricultural pests tiiat inflict 
35 damage upon crops while they are growing or while in storage. The compounds are applied using known 
techniques as sprays, dusts, emulslcms and tiie Oke. to the growing or stored crops to effect protection from 
such agricultural pests. 

In using the compounds of this Invention, the individual substituted avermectin components may be 
prepared and used in tiiat form. Altematively, mixtures of two or more of tiie Individual avenmectin 

40 components may be used, as well as mixtures of the parent avermectin compounds, otiier avermectin 
compounds or otiier active compounds not related to avermectin, with tiie compounds of tills invention. 

The products of tiiis invention may be used In any of a variety of phamnaceuticai preparations. They 
may be employed in capsule, powder fbnm. in liquid solution, or in suspension. They may be administered 
by a variety of means; tiiose of principal interest include: orally, topically or parenterally by Injection 

46 (intravenously or intramusculartyX 

Such tablets and capsules, designed for oral administration, may be in unit dosage form, and may 
contain conventional exdpients. such as binding agents, for example, syrup, acacia, gelatin, sorbitol, 
tragacantti. or polyvinylpyn-olidone; fillers, for example. lactose, sugar, cornstarch, calcium phosphate, 
sorbitol, or glycerine; lubricants, for example, magnesium stearate. talc, polyethylene glycol, silica; disinteg- 

50 rants, for example, potato starch, accep^ie wetting agents such as sodium lauryl sulphate. The tablets 
may be coated according to mettiocte well known in the art. Oral liquid preparations may be In the form of 
aqueous or oily suspensions, or solutions, or they may be presented as a dry product for reconstitution witti 
water or other suitable vehicle before use. Such liquid preparations may contain conventional additives such 
as suspending agents, for example. sort)itol. methyl cellulose, glucose/sugar syrup, gelatin, hydroxyetiiylcel- 

56 lulose, or cart}oxymethyt celiulose. Suppositories will contain conventional suppository bases, such as 
cocoa butter or otiier gtycerides. 

Compositions for injection, tiie prefsnrod route of delivery, may be prepared in unit dosage fonn in 
ampules, or in muttidose containers. The compositions may take such fonnns as suspensions, solutions, or 
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emulsions in dly or aqueous vehicles, and may contain fomiulator/ agents. Mtemativeiy, the active 
ingredient may be in powder form for reconstlutlon. at the time of delivery, with a suitable vehicle, such as 
sterile water. 

The compositkins may also be prepared in suitable fonms for absorption through the mucous mem- 

5 branes of the nose and throat or bronchial tissues and may conveniently take the form of liquid sprays or 
inhalants, lozenges, or throat paints. For medication of the eyes or ears, the preparation may be presented 
in liquid or semi-solid fonri. Topical applications may be fomnulated In hydrophobic or hydrophillc bases as 
ointments, creams, lotions, paints, or powders. 

The dosage to be adnnlnlsterBd depends to a large extent upon the condtion and size of the subiect 

10 being treated as well as the route and frequency of administration - the parenteral route by Injection being 
prefen-ed for generalized Infections. Such matters, however, are left to the routine discretion of the therapist 
according to principles of treatment well known In the antibiotic art. In general, a dally dosage consists of 
from about 0.1 to about 5 mg of active ingredient per kg. ob body weight of the subject In one or more 
treatments per day. A preferred dally dosage for mature animals lies in the range of from about 0.1 to 20 

IS mg. of active ingredient per kg. of body weight Another factor influencing the precise dosage regimen, 
apart from the nature of the infection andpeculiar identity of the individual being treated, is the molecular 
weight of the chosen species of this invention. 

The compositions for delivery per unit dosage, whether liquid or solid, may cont&Jn from 0.1% to 99% 
of acth« material, the prefen^ed range being from about 10-60%. The composition will generally contain 

20 from about 5 mg. to alDOut 50 mg. of the active ingredient however, in general. It is preferable to employ a 
dosage amount in the range of from about 5 mg to 100 mg. in parenteral administration, the unit dosage is 
usually thepure compound I In sterile solution or In the form of a soluble powder intended for solution. 

in the isolation of the avermectin compounds, which serve as starting material for the Instant process, 
from the fennentatfon broth, the various avenmectin compounds will be found to have been prepared in 

25 unequal amounts. In particular an "a** , series compound will be prepared in a higher proportion than the 
conresponding "b" series compound the difference between the "a" series and "b" series is constant 
throughout the avermectin compounds and consists of a sec-butyi group and an Iso-propyl group 
respectively at the 25 position. This difference, of course, does not interfere with any of the instant 
reacttons. In particular it may not be necessary to separate the "b" components from the related "a** 

30 component Separation of these closely related compounds is generally not practiced since the "b" 
compound Is present only in a very small percent by weight, and the structural difference has negligible 
effect on the reaction processes and biological activities. 

In particular it has been found that the starting materials for the compounds of this invention are very 
often prepared in a ration of about 80% avemnectin Bla or Ala and 20% avermectin Bib or Alb. Thus the 

95 prefenred composition of this invention is one which contains more than about 80% of Uie "a" component 
and less tiian about 20% of tiie "b** component 

The following examples are provided in order tiiat this Invention might be more fully understood; tiiey 
are not to be construed as limitative of the Invention. 

The substituted avenmectin derivatives prepared in tiie following examples are generally isolated as 

40 amorphous solids and not as crystalline solids. They are tiius characterized analytically using techniques 
such as mass spectrometry, nuclear magnetic resonance, 'and tiie like. Being amorphous, ttie compounds 
are not characterized by sharp melting points, however, the chromatographic and analytical methods 
employed Indicate tiiat tiie compounds are pure. 

In the foltowing examples, the various starting materials tiierefor are avermectin compounds or 

45 derivatives of avermectin compounds. The avermectin compounds and the preparation and Isolation thereof 
from fermentation brottis are described in United States Patent No. 4,310,519 Issued 12 January 1982 The 
4'- and 4'- keto starting materials are described in U.S. 4,427,^3. and tiie 8.9-epoxide compounds are 
described in US 4,530521. The selective 22,23Hilhydro derivatives of avermectin compounds are described 
in U.S. Patent 4.199.589 issued 22 April 1980. The monosaccharide derivatives of avemnectin compounds 

50 are described In U.S. Patent 4,206.205 issued 3 January 1980. 



EXAMPLE 1 

55 

5-<H-butyiKllmetiiyisilyl-22.23<lihydro avermectin B1a/Blb 
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3 g of 22j23Klihydro avermectin 81 a/Bib tn 30 ml of dry dimethylfonmamide was combined with 1.4 g 
of imidazole and stin3d at room temperature until all the materials had dtssoived. Then 1.56 g of t-butyf- 
dimethylsllyl chloride was added and the reaction mixture sUnred at room temperature for 70 minutes. The 
reaction mixture was diluted with 150 ml of ether, water was added and the layers were separated. The 

5 aqueous layer was extracted twice more with ether and the combined ether layers washed four times with 
water and once with saturated sodium chloride solution. The ether layer was dried over magnesium sulfate 
and concentrated to dryness in vacuo affonjing 4.2 g of a white foam. The foam Is chromatographed on 135 
g. of 70 230 mesh silica gel and eluted with 5% tetrahydrofuran in methylene chloride. 1.15 G of 4'.5-di.O' 
t-buty!-dlmethylsllyh22^3-dihydro avermectin Bla/BIb and 2.6 g of 5-Ot-butyl dimethylsilyl-22,23-dihydro 

to avemnectin Bla/BI b were recovered as pure amorphous fbams. 



EXAMPLE 2 

5-0-t4)utyi-dimethylsiiyl-4''"Oxo-22,23-dihydro avermectin B1a/B1b 

In a dried flask purged with dry nitrogen was placed 97 ul of oxalyl chloride and 1.5 mi of methylene 
20 chloride. The reaction mixture was cooled to -60* C, 1 ml of the methylene chloride solution containing 160 
IL\ Of dimethylsulfoxide was added over a period of 3 minutes and the reaction mixture stinred at -60* C for 
two minutes. 3 Ml of methylene chloride containing 500 mg of 5-0-t-butyl-dImethylsiiyI 22,23-dlhydro 
avermectin Bla/BIb was added dropwise over a period of 5 minutes and the reaction mixture stin'ed at 
room temperature for 30 minutes. At the end of this period. 0.71 mi of triethyiamine was added dropwise 
26 and the reaction mixture was stinred at -60* C for 5 minutes. The cold bath was removed and the reaction 
mixture was allowed to come to room temperature over a period of 45 minutes. 50 Mi of water was added 
and the reaction mixture was extracted 3 times with 40 ml of ether. The ether extracts were combined and 
washed 4 times with 20 ml of water, dried over magnesium sulfate and concentrated to dryness in vacuo 
affording 520 mg of a yellow glass. The yeilow glass was dissolved in methylene chloride and pia:ed on 
30 three 2.0 mm thicic silica gel pre^paratlve layer chromatography plates. The plates were developed with 10% 
ethyl acetate in methylenechloride and afforded 470 wq of yellow foam which was characterized by its 300 
MHz nuclear magnetic resonance spectrum as 5-0-t-butyl-dimethylsilyi-4''-oxo-22,23<llhydro avermectin 
Bla/BIb. 

36 

EXAMPLES 



40 5-Otert-Buty(dlphenylsnyM0.11,22,23-4etrahydro avermectin Bla/BIb 

A solution of 1.1 g 5-0-tert-butyldiphenylsilyl avermectin Bla/Blb In 10 ml of absolute ethanol and 0.2 
g of 5% palladium on carbon was shaken in a Panr hydrogenator with hydrogen at 90 pounds pressure at 
room temperature until the drop In pressure indicated the uptake of one molar equivalent The hydrogena- 

46 tion was stopped and a small sample was withdrawn for analysis. High performance liquid chromatographic 
analysis on a reverse phase 18 Cta colum with a methanol-water liquid phase indicated the major 
components to be the 5-0-tert-butyldlphenylsilyl-22.23<nhydroavermectln-B1 a/Bib. The Panr hydrogenator 
was charged with another 0J2 g 5% Pd/C and the system repressurized to 84 lbs with hydrogen. After 
another pressure drop indicated the uptake of another molar equivalent of hydrogen, the catalyst was 

60 removed by filtration. Evaporation of the filtrate afforded a mixture of which the title compound is a major 
component HPLC purification with a preparative reverse phase Cis column using a methanol-water liquid 
phase affords 5-O-tert-butyl-dlphenylsilyi-10.11,22.23-tetrahydro avermectin Bla/B1b as an amorphous solid 
characterized by its NMR and mass spectrum. 

55 

EXAMPLE 4 
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1 0,1 1 ,22^3-T9trahydroavermectin B1 a/B1 b 

A solution of 25 mg of 5-0-tert-butyl-dipheny!sjlyIaverm9ctin B1 a/Bib in 1 ml of tetrahydnDfuran was 
desilylated using 3 ml of an anhydrous hydrogen fluorfde-pyrldlne In THF solution which was prepared from 

5 14 mL of THF. 4 mi of pyridine, and 2 ml of a commdrcial hydrogen fluoride-pyridine solution (consisting of 
-70% HP and -30% pyridine, supplied by Aldrlch Chemical Company) at room temperature for 20 hours 
under nitrogen. The reaction was worked up by addition of water followed by neutralization with sodium 
bicarbonate solution and extraction with ether. The ether extracts were combined and evaporated to yield a 
residue which was charged onto two 500 micron preparative silica gel plates. Elutlon with a hexane-ethyl 

70 acetate solvent afforded 10,11,22,23-tetrahydroavermectin B1 a/Bib as an amorphous solid which was 
characterized by its NMR and mass spectrum (molecular ion 876). 



EXAMPLE 5 

fS 



10,11,22.23'Tetrahydroavemiectin B1 a/Bib and 3,4,1 0>1l»22,23-HexahydroavenT)ectin Bla/Bib 

20 A solution of 10.0 g of 22.23-dihydroavermectfn Bi (containing approximately 90% of 22,23- 
dihydroavermectin B1a and 9% of the lower homolog Bib) in 100 ml of absolute ethanoi was shaken In the 
presence of 2.5 g of 5% palladium on charcoal catalyst under an atmosphere of hydrogen at 89 pounds of 
pressure at room temperature for one hour, when the drop In hydrogen pressure indicated the uptake of 
one molar equivalent The hydrogenatfon was stopped, the catalyst removed by filtration, and the filtrate 

25 was concentrated to give 9.9 g of a white foam. High perfomiance liquid chromatography on a reverse 
phase Ci8 column with a CHaCN-MeOH-HzO liquid phase suggested a composition of the crude reaction 
product of 23% 22,23-dihydroavermectin Bla/Bib, 46% 10,11.22.23-tetrahydroavennnectin B1a/Blb and 
several other unidentified compounds. 8.7 Grams of the crude product were further purified on a silica gei 
column with a hexane-acetone system as solvent to' give 3.8 g enriched in the desired 10.11.22.23 

30 tetrahydroavermectin BI. The final purification was achieved with an aliquot of 500 mg via preparative 
reverse phase high performance liquid chromatography with a MeOH-HaO liquid phase which gave 280 mg 
of 10,11.22.23-tetrahydroavenmectin Bla as a white amorphous solid after lyophillzatlon from a benzene 
solution, it was characterized by its NMR and its mass spectrum, which has a molecular ion for the mass 
of 876, and its UV spectrum which tacks the absorption at 245 nm. Further fractionations as described 

35 above yield 10,11,22,23-t6trahydroavennnectin Bib, 3,4,10,1 1.22.23-hexahydroavermectlns B1a and Bib. 
Tlie mass spectrum for 10,11,22,23-tetrahydroavermectin Bla revealed major peaks at 876 (M+) and 588 
(tetrahydroaglycone). The nuclear magnetic resonance spectrum of the compound (400 MHz in CDCI3 with 
TMS as an internal standard) revealed the following major peaks: 4.3ppm (t. 1H. J^eHz) for Cs-H; 4.55 
ppm (tq. 2H. J«2. 17Hz) for Sa-Ha; 4.73ppm (d. 1H, J=3H2) for l'-H: 5.01ppm (brd, 1H, J-10-Hz) for C15- 

40 H; 5.1 4ppm (S. 1 H) for 7-OH; 

5.32ppm (dd, 1H) for Cg-H; 5.34ppm (S, 1H) for C3-H; 
5.4ppm (m, 1H) for C19-H; 5.4ppm (d. 1H, J =3Hz) for T K 



45 EXAMPLE 6 



lO.il-Dihydroavenmectin B2a/Ba> and 3,4.10.11 tetrahydroavemnectin B2a/B2b 

50 

A solution of 870 mg avermectin B2a/B2b in 25 ml of absolute ethanoi and 100 mg of 5% Pd/C was 
stinred at room temperature under one atmosphere pressure of hydrogen. After an uptake of 1.5 molar 
equivalent of hydro^n. the catalyst was removed by filtration. HPLC analysis using a reverse phase Cia 
column ami a methanoi-water liquid system indicated the composition of the mixture fo be 18% avermectin 
55 B2a/B2b. 45% 10.11-dlhydroavermectin B2a/B2b. 27% 3.4-dihydroavennectin B2a/B2b. and 9% 3,4.10.11- 
tetrahydroavermectin B2a/B2b. Preparative HPLC using a reverse phase Cis column and a methanol-water 
system followed the separation and characterization of each of the titled compounds via their NMR and 
mass spectra. 
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5 5-0-t9rt-Butyldimethylsilyl avermectin Bla/lb 

Avermectin Bla/lb. 27.6 g (31.7 mmole). was reacted with Imidazole, 15.3 g (225 mmole), and t- 
butyldimethytsily) chloride, 12.8 g (84.9 mMofe), In 130 mi of dry dlmethylformamlde following the 
procedure of Example 1 furnishing 38 g of solids which were chromatographed on a column of silica gel 
10 using methlene chloride-ethyl acetate {92»5:7.5-85:15). 5-Otert-Butyldlmethylsjlyi avermectin Bla/BIb' 24.7 
g, was obtained and characterized by nuclear magnetic resonance, mass spectra (987 {M * H)*] and high 
pressure liquid chromatographic analyses. 



76 EXAMPLE 8 



5-Otert-Butyldlmethylsllyl-4%xoavermectin B1 a/B1 b 

20 

5-0-tert-Butyidimethylsilyl avermectin 81 a/Bib, 20.0 g (20.3 mMole). was reacted with oxalyl chloride, 
4.0 ml (46 mMoIe), dimethylsufoxide. 6.3 ml (89 mMole), and trlethylamine, 27.8 ml (200 mMole) in 220 rnl 
of dry methylene chloride following the procedure of Example 2 fumishing 5-0-tert butyldimethylsilyl-4''- 
oxoavermectin B1 a/Bib, 17.2 g, which was used without chromatographic purification. This product was 
25 characterized by nuclear magnetic resonance, mass spectra [985 (M + H)''] and high pressure liquid 
chromatographic analyses. 

EXAMPLE 9 

30 " 



4^-Oxoavermectln B1 a/Bib 

06 A cold (0 to 5*C) solution of 5-0-tert«butyldlmethylstlyl-4''-oxoav6rmectin B1a/B1b, 5.50 g (5.40 
mMole). and methanolic 1.0% p-totuenesulfbnlc add monohydrate, 120 ml (6.2 mMofe), was stirred for 50 
minutes and then poured Into aqueous sodium bicarbonate. The product was extracted with metiiylene 
chloride. The methylene chloride solutions were combined, dried over anhydrous sodium sulfate and 
evaporated under reduced pressure providing 4.5 g of 4''-oxoavermectin B1a/B1b which were characterized 

40 by nuclear magnetic reson^ce, mass spectra [871 (M'«*H)^] and high pressure liquid chromatographic 
analyses. 



EXAMPLE 10 

45 



2«(4>Nitrophenoxycarbonylamino)thfazole 

so A solution of 4-nitrophenyi chtorofdrmate, 5*04 g (25 mMole), In 25 mi of dry ethyl acetate was added 
dropwise to an ice cooled, stinred solution of 2-aminothiazole. 5.01 g (50 mMole) In dry ethyl acetate. 25 ml. 
and dry pyridine, 50 ml. The ice bath was removed as the reaction mixture became viscous. Stirring was 
continued at 22* C for three hours. Bhyl acetate was added. The insolubles were filtered, rinsed with ethyl 
acetate, with water, with acetone, dried and recrystaJlized from acetone fumishing 3.55 g of 2-(4- 

55 nitrophenoxycarbonyl)amlnothia20le, mjf>. 211*212* C dec. which was characterized by nuclear magnetic 
resonance, mass spectra. Infrared spectra and elemental analyses. 
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EXAMPLE 11 



5 1 -(4-NitrophenoxycarbonylH*m9thylpipera2in9 

A solution of 4-nitrophenyl chlcroformate, 5.04 g (25 mMole) In 25 ml of dry ethyl acetate was added 
dropwise to an Ice bath cooled, stirred solution of N-methylpiperazine, 5.56 ml (50 mMole), and N.N- 
diisopropylethylamlne. 5.23 ml (30 mMole). in 50 ml of dry ethyl acetate. The ice bath was removed and 
10 stirring was continued at 22* C for three hours. The thick reaction mixture was diluted with ethyl acetate, 
extracted with aqueous sodium bicarbonate and saturated aqueous sodium chloride, dried over sodium 
sulfate and evaporated under reduced pressure. The solid residue was recrystallized from methylene 
chloride-hexane furnishing 3.67 g of l-(4-nitrophenoxycarbonyl)-4-methylpipera2ine, m.p. 134-135*0, which 
was characterized by nuclear magnetic resonance, mass spectra, infrared spectra and elemental analyses. 

IS 

TABLE 1 

N-Nitrophenylcarbamate Intermediates Prepared Following 
the Procedtire of Example 11 



25 



30 



02M-^^^-a * mm — -^o^n-^^-ocnrr 



CH3CH2 



O" 



Ecfiducl 

2*(4-Nitrophenoxycarbony1- 
aii{ no)«4-«thy1 p{ perazi ne * 



90-91 A, 8, C. 0 



35 



II 

(CH3)2C«r«CCH2M^^ ^|H 



l«{4-NHrophenoxycarbony1 ) 
-4-( 1 sopropyl ami nocarbonyl 
methyl) pi perazfna 



1Z7-129 A, B. C, 0 



46 



50 



55 



{CH3)2MCH2CH2NH2 



CH3qCH2CH2NH2 



N-0liiethyl*^'-(4-ni irophenoxy- 
carbonyl )ethylened1 amine 

2HRethoxy-N-(4H)Urophenoxy^ 
carbonyl )ethy7 amine 



75 



A. C. D 



A Proton nuclear magnetic resonance analysis* 8 Hass spectral analysis. 
C Infrared spectral analysis* 0 elemental analysis* 



EXAMPLE 12 
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4-(Thiazol-2-yl)$emicafbazide 

5 

A solution of 2-(4-nitrophenoxycarbonyl)ammothla2ole, 3.5 g (13 mMoIe) and 85% hydrazine hydrate. 
4.0 ml (69 mMole) In 40 ml of methanol was stirred under nitrogen at 22" C for 10 days. The mixture was 
coofed In ice. The Insolubles were filtered, washed with cold methanol, dried and recrystalllzed from ethanoi 
furnishing 780 mg of 4-(thlazoh2-yl)semlcarbaz{de. m,p. 166-187*0. which was characterized by nudear 
70 magnetic resonance, mass spectra. Infrared spectra and elemental analyses. 



BCAMPLE13 

rs 

4>(Benzo1hiazol-2-'yl)semlcarbazlde 

A solution of 4-nltrophenyl chlorofomnale. 5,04 g (25 mMole) in 25 ml of dry chloroform was added 
20 dropwise to a to a ice cooled, stirred solution of 2-amlnoben20thia2ole. 3.75 gm (25 mMole) in 50 ml of dry 
pyridine. The mixture was stinred at 0* C for 45 minutes longer. Anhydrous hydrazine. 1.6 ml (250 miWole), 
was added rapidly to the stinted reaction mixture and the ice bath was removed. Stinring was continued for 3 
hours at 22* C. Insolubles were filtered, rinsed with cold methanol and dissolved in dilute aqueous 
hydrochloric add. Insolubles were filtered off and the aqueous solution was extracted with ethyl acetate. 
26 The aqueous solution was made basic. pH 9.5, by addition of aqueous sodium hydroxide. The insoluble 
product was filtered, washed with water, dried, ^and recrystalllzed from ethanoi furnishing 1*35 g of 4- 
(benzothIazol-2-yl)semicarba^de melting at 225 *C. The product was charactized by nuclear nr^gnetic 
resonance, mass spectra, infrared spectra and elemental analyses. ^ 

30 



36 



40 



45 



60 



59 
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10 



15 



20 



25 



90 



TABLE II 

Sanicarbazide Intermediates Prepared Following the 
Procedture o£ Example 13 . 



O^nV^^VoC-CT ♦ RRNH > V<)CNRr|--^ RRW-C-NH f«2 

Product lL£i.CC) 

Mpyrfffidi n*2-y1 ) 249-250 
SMlcarbazlde 

4-(4-Ch1oropheny1 }pip«ra2ina 154-155 
acid hydra«1de 

M4-To1y1)piperazin« 158*160 
-1-carboxy1fic acid hydraxide 



4-><4-Hathoxypheny1 )pi parazi ne 153 
-1«carboxy1lc acid hydraz1d« 



0°* 

/ \ 



4-(4->$u1 f anyl phenyl ) 
semlcarbazide 



230-235 



Anal v<8i 



A. B. C. D 



A. B. C. D 



A, 8, C. 0 



A. 8, C. D 



A, B, C, 0 



35 



A, B, C and 0 se« footnotas for Table I 



40 



50 



EXAMPLE 14 



4-Methyipipefazin9'1'carfaoxy{ic acid hydraetde dihydrochtoride 

A solution of 1-(4-nitropherK>xycarbonylH-methylpiperazine, 3.5 g (13 mMole) and 85% hydrazine 
hydrate. 4.0 ml (69 mMole) in 40 mi of methanol was stfnred under nitrogen at 22*C for three days. The 
reaction solution was evaporated under reduced pressure. The solid residue was dissolved in dilute 
hydrochloric acid and extracted with ethyl acetate. The aqueous solution was made basic, pH 9.5, with 
aqueous sodum hydroxide and evaporated under reduced pressure leaving a solid. The residue was 
triturated with methylene chloride which was evaporated. The methylene chloride extractives were dissolved 
In 50 ml of methanol and cooled in Ice. 2.1 mi of concentmted hydrochloric acid was added with stirring 
followed by 200 ml of ethyl ether. The product separated and was collected furnishing 2.24 g of 4- 
methylpiperazine-1-carboxylic add hydrazide dihydrochloride. m.p. 191-192* C. which was characterized by 
nuclear magnetic resonance, mass spectra, Infrared spectra and elemental analyses. 



55 
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TABLE III 

Semicarbazlde Intermediates Prepared Following the 
Procedure of Example 14 



70 



f5 



IH2 



RRN 



4-Ethy 1 pi perazi ne-1- 
carboxylic acid hydrazide 
di hydrochloride 



202-Z03 A, B» C, D 



20 



25 



(CH3)2CHNHCCH2l 



TV 



4-( Isopropyl am! nocarbonyV 
motbyl) p{pera2ine-1« 
carfaoxyllc acid hydrazide 
di hydrochloride 



200-201 



A. B. C, 0 



30 



(CH3)2NCH2CH2N- 



4«(0i methyl ami (loethyl ) 
semicarbazide di hydrochloride 



35 



CH30C:H2CH2N- 



4-{2Hnethoxyethy1 ) 
semicarbzide hydrochlorideZ 



120*121 



A. B, C. D 



40 



U« B, C and 0 see footnotes for Table I 



^free base purified by silica gel chronatography 



46 

EXAMPLE 15 



4-<1 H-Benzim!dazoi'2-y<)semicarba2id9 

A solution of methyl 1H4)enamidazole 2-yl carbamate, 1.0 g. and anhydrous hydrazine, 4.0 ml. in 40 ml 
of dry pryidine was stirred at 22* C under nitrogen for 24 hours and then at 60* C for 18 hours. The solution 
was evaporated to dryness under reduced pressure and the residue was crystaiized from isopropanol 
furnishing 310 mg of 4-(1H-benzimidazol-2-yO semicarbazide, m.p. 320-322* C. which was characterized by 
nuclear magnetic resonance and mass spectra analyses. 



20 
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EXAMPLE 16 



5 4'-0)(oavermectin B1 a/Bib 4^(1 H-ben2imldazol*2'y t) semicarbazone. Isomers A and B 

A solution of 4'-oxoavenmectin Bla/Blb. 300 mg (345 uMole). 4-{1H-benzimlda20i-2-yl)semlcarba2ide, 
99 a\Q (518 mMole) and glacial acetic acid, 30 ill (518 uMole) in 2 ml of dry metiianol and 3.0 ml of dry 
dyridina was stirred at room temperature, 23* C, for 42 hours. The reaction mixture was diluted witii 

10 isopropanol and evaporated under reduced pressure. The residue was taken up in methylene chloride. The 
solution was extracted with aqueous sodium bicarbonate, dried over sodium sulfate and evaporated under 
reduced pressure leaving 580 mg of solids. The solids were chromatographed on silica gel using methylene 
chloride^thyl acetate-isopropanol (80:20:0.5 to 3) furnishing 131 mg of Isomer A of tiie 4 -oxoavermectin 
Bla/Blb 4-(1H-ben2lmidazoi-2-yI)semlcarbazone, and 73 mg of the isomer B which were characterized by 

75 nuclear magnetic resonance, mass spectra B [1044 (M + H)*], and high pressure liquid chromatographic 
analyses. 

TABLE IV 

4"-OxoavGrmecting Bla/Blb 4-Substituted 
Semicarbazones Prepared Following the Procedure of 

Example 16 



35 




45 



50 



55 
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RRN- 

SwhstUwent 

CH3NH. 



4'*-0xoaveniiecti n 
4-aMithy1 seoi earbazono 



A 4. B 942 A. B. C 



4,4-d1ntthy1s«»{carbason« A 4 8 956 A, B, C 



10 



IS 



20 



25 



30 



35 



40 



45 



0*3-*^ y 



CHjCHzH 



2-C(<norpholfA-4.y1) 
carbonyl ] hydrazonft 



4-(thiazo1-2-y1) 
senri carbazon« 



4-benzothi azol -Z-yl ) 
seni carbasone 



4*(pyHm1d1n-2.y1) 
s«tticarbazone 



4-<4-eh1oropK«Ay1 ) 
ssmlcarbazona 

Z*£ (4HR8thy1 pi perazi o-l-yl ) 
carbonyl ] bydrazont 



A ♦ a 998 A. B, C 



1011 A. 8. C 
1011 A, 8. C 



1061 
1061 



A, B, C 
A, B, C 



A 4. B 1006 A, B. C 



A 4* B 1038 A» 8. C 



1011 
1011 



A. B, C 
A, B, C 



2-£{4-ethylpiperazin-t.y1) A B 1025 A, B, C 

carbonyl 3 bydrazonv 



50 



56 
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(CH3)2CHNCCH2 N 



Cl- 



70 CH3- -H M- 



2-{C4»<UopropylaninocarbonyT- A ♦ B 
■tthyl )pip*razin-l«y1] 
carbonyl }hydraizonft 



2- { C4.(4^h1 oroph«ny1 ) 
piptfrazin-l-yl] 
carbonyl } hyd razone 



2«{C(4.to1y1)p{ptracffi-1-yn A * B 
«arbony1 }hydra£OAe 



1096 A. B. C 



A ♦ 8 1107 A. B, C 



1087 A, 8. C 



1$ 



^ CH3O. -H M- 



2.{ C4-(4Hii«thoxyphenyl ) 
p{p«razin*l-»yll 
carbonyl }hydrazon« 

4-(4»5ul f amy! phenyl ) 
semearbaaone 



A ♦ 8 1103 A. 8, C 



A 4. 8 1082 A, 8. C 



20 



(CH3)2NCH2CH2NH- 



4-(dimethylaininoethy1 ) 
storfcarbazone 



CH3O CH2 CH2 NH- 



4-(ffi«thoxy«thyl ) 
semicarbazone 



A 4- 8 986 A. 8. C 



25 



' Syn/Anti gaonttHc isomirs 

2 A Proton nuclMr aagnotic resonance. 8 Mass spectra* 

C High pressure liquid chromatography. 



30 

EXAMPLE 17 



35 4''Oxoavermectin Ble/BIb acethydrazone 

A solution of 4'H3xoaverm6Ctin B1a/B1b, 200 mg. acethydrazide, 34 mg, glacial acetic acid. 24 ill. and 
pyridine, 100 ul in 1.2 ml of methanol was stinred at room temperature, 23* C, for 19 hours and then 
evaporated under reduced pressure. The residue was taken up In methylene chloride, extracted with 
40 aqueous sodium bicarbonate, dried over sodium sulfate and evaporated under reduced pressure. The 
residue was chromatographed on a column of silica gel using 1.0 to 3.0% methanol in metyiene chloride 
furnishing 101 mg of 4'-oxoavenTi6Ctin B1 a/Bib acethydrazone which was characterized by nuclear 
magnetic resonance, mass spectra [BZ7 (M + H)"] and high pressure liquid chromatographic analyses. 

^ TABLE V 

4"-Oxoavermectin Bla/lb Carbonyl- and Sulfonyl 
Hydrazones Prepared Following the Procedxire o£ 

^ Egamole 17 



55 
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gfX)NHMH2 



Reaction 
Time Temo 



4**-0xoaveniiectin 
Bla/BIb Product 



Analysca 



CH3- -OfHNH2 



4 days 23«C 4.to1uic acid 
hydrazone 



1003 



A, 8. C 



Cl^ -CNHNH2 8 days 60*C 4-chlQrobenzoic 

acid hydrazone 



10035 



A. 8. C 



CH3SO2NHNH2 



2 days 23«C owthylsulfonyl 
hydrazone 



963 



A, 8, C 



4*to1 uenesul f onyl 
CH^- -SO2NHNH2 2 days 23«C hydrazono 



1039 



A, 8. C 



H2NSO2- -^NK2 



4-Su1 f amyl benzoi c 
acid hydrazone 



See footnotes for Table IV 



EXAMPLE 18 



4 - and 4 -Epi-(semicart>azki9»1*ylH -deoxy-5-O tert-butyldimethylsiiylavermectins B1 a/Bib 

A solution of 5<H©rt-butylcflmethylsilyl-4''-oxoavenmectln B1 a/Bib, 797 mg (0.80 mMole). semicar- 
baade hydrochlonde» 892 mg (8.0 mMole) and diisopropylethylamine. 230 ul (4.0 mMole) In 6.4 ml of 
methanol was stinred at nwm temperature, 23* C. for two hours. A solution of sodium cyanoborohydrlde, 
107 mg (17 mMole) in 1.0 ml of methanol was added dropwise over 30 minutes. The mixture was stinred 
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for four hours longer and then diluted with aqueous sodium bicarbonate and methylene chloride. The 
aqueous layer was separated and extracted with methylene chloride. The methylene chloride solutions were 
combined, dried over sodium sulfate and evaporated under reduced pressure. The residue was chromatog- 
raphed on a column of silica gel using 0J5 to 2.0% methanol in methylene chloride furnishing a mixture of 
5 the 4*- and 4"-epi-{semicarbazid-1-yiH'-deoxy-5-C)-tert-butyldimethylsilylavemrtect^ Bla/BIb, 259 mg, 
which was characterized by nuclear magnetic resonance, mass spectra [1044 (M^-H) ] and high pressure 
liquid chromatographic analyses. 



10 EXAMPLE 19 



4*>(Semicarbazid-l *y l)-4'-deoxyavemiectin Bla/BIb and 4*-epl-(semicarbazid-1 -y IK^'-deoxyavermectin 
IS Bla/BIb 

A solution of 5-0-tert-butyldimethy!sjlyi-4''-oxoavenmectin 81 a/Bib 4"- and 4''-epi-semicarbazides. 250 
mg (239 uMoie) and methanollc 1.0% p-toluenesuifonic acid monohydrate, 9.1 ml (479 txMole), In 13.4 ml 
of methanol was stirred at •12'C for 20 hours. Aqueous sodium bicarbonate was added and the mixture 

20 was extracted with methylene chloride. The methylene chloride solutions were combined, extracted with 
aqueous sodium bicariDonate, dried over sodium sulfate and evaporated under reduced pressure. The 
residue was chromatographed on^a column of silica gel using methylene chioride-etiianot (99:1) furnishing 
21 mg of 4''-(semlcarba2id-1«yl)-4*-d80xyavenmectin Bla/BIb and 108 mg of 4''-epi-(5emlcarba2id-l-yl)-4 - 
deoxyavemnectin B1a/B1b which were characterized by nudear magnetic resonance, mass spectra [930 

25 (Wi* H)*] and high pressure liquid chromatographic analyses. 



EXAMPLE 20 

so 

4''-epi*(4'Methylsemicarba2id-1-y!H'*"deoxyavenfnectln Bla/BIb 

4"-Oxoavermectin Bla/BIb. 600 mg was reacted with 4 methyisemicarbazlde and ^sodium 
35 cyanoborohydride and the product was purified as described for Example 18 furnishing 195 mg of 4 -epi-(4- 
methylsemicarbazid-1 yO-4''-deoxyavermectin Bla/BIb, which was characterized by nuclear magnetic 
resonance, mass spectra [944 (M H)"^] and high pressure liquid chromatographic analyses. 



40 EXAMPLE 21 



4'-[2-p-Toluic aad)hydrazid"1'y>H''''deoxyavenmect!n Bi a/Bib 

45 

4''-Oxoavenmectin Bla/BIb, (600 mg) was reacted with p-tolulc acid hydrazide and sodium 
cyanoborohydride as described in Example 18. After the Initial chromatography, the product was rech- 
romatographed on a column of silica using hexane-ethyl acetate-isopropanol (50:50:2) furnishing 105 mg of 
4''-[-2-(p*toluic acid)hydraad-1-ylH'*deoxyavennectin Bla/BIb. which was characterized by nuclear mag- 
so netic resonance, mass ^)ectra [1005 (M + H)^] and high pressure liquid chromatographic analyses. 



EXAMPLE 22 

55 

4'''[2-(ToKienesulfonyl)hydrazid>i-ytH''-deoxyavermectin Bla/BIb 



25 
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4''-Oxoaverm6cttn B1 a/Bib. (600 mg) was reacted with p-toluenesulfonylhydrazide and sodium 
cyanoborohydride as described in Example 18. After the initial chromatography, the product was 
chromatopraphed again on a column of silica gel using ethyl ether-petroleum ether (50:50) furnishing 126 
mg of 4-( 2-(toluehe$ulfonyl) hydra2dd-1-yl-4 <l60xyavermectln B1 a/Bib, which were characterized by 
nuclear magnetic resonance, mass spectra [1041 (M4>H)^] and high pressure liquid chmmatographic 
analyses. 



EXAMPLE 23 



4%pi-(2>2-D[methylhydra2in-1 -yiH^'-deoxy-S-O-tert-buty Idimethytsily lavemiectin B1 a/BI b 

SO-tert-ButyldlmathylsilyK'-oxoavennectin B1 a/Bib, 787 mg, was reacted with l.l-dimethylhydrazine 
and sodium cyanoborohydride and the product was purified as described in Example 18 furnishing 319 mg 
of 4%pi-(2^Kiimethylhydrazin-1-ylH •<leoxy•5'C^ter^butyldimethylsilylave^Tlec^ 81 a/Bib. which was 
characterized by nuclear magnetic resonance, mass spectra [1029 (M-»*H)*] and high pressure liquid 
chromatographic analyses. 



EXAMPLE 24 



4*-epi-(2,2-Dim9thylhydrazln-1 -ylH^'-deoxyavennectin B1 a/BI b 

4%pi-{2.2-D!methylhydrazin-1-ylH"<leoxy-5-0-tert-butyldimethylsilylavermectl B1a/B1b, 319 mg, and 
1.0% p-totuenesulfbnic acid monohydrate were reacted and the product was purified as described in 

Example 19 furnishing 128 mg of 4''-©pi-(2,2-dimethylhydrazin-1-yl)-4''-deoxyavermectin B1 a/Bib. which 
was characterized by nuclear magnetic resonance, mass spectra [915 (M-t-H)^] and high pressure liquid 
chromatographic analyses. 



EXAMPLE 25 



4'-epi'(Morpholin-4-yl)amf no-4*Kieoxy-5-0-tert'butyidimethyl$lly lavermectin B1 a/BI b 

5-0-tert-ButyIdimethylsilyl-4'-oxoavennectin Bla/Btb. 787 mg, was reacted with 4-aminonwrphollne 
and sodium cyanoborohydride and the product was purified as described in Bcampte 18 furnishing 138 mg 
of 4'-epK«norpholln-4-yl)amino-4*<leoxy-5-0-tert4j^ B1 a/Bib. which was char- 

acterized by nuclear magnetic resonance, mass spectra [1071 (M + H)*] and high pressure liquid 
chromatographic analyses. 



EXAMPLE 26 



4*-epi-<Morpholir>4-yi)amino^*'<ieQxyaverm8ctin Bla/B1b 

4'-9pi-{Morpholin-4-yOamino-4'<Jeoxy-5<>-tert-butyldimethylsiiylaven^ B1 a/Bib. 188 mg, and 
1.0% p-toluenesuifonic add monohydrate were reacted and the product was purified as described in 
Example 19 fumishing 145 mg of 4'-ept-(morpholIn-4-yl)amino-4'-deoxyavennf»ectin Bla/Blb. which was 
characterized by nuclear magnetic resonance, mass spectra [957 (M + H)*] and high pressure liquid 
chromatographic analyses. 



26 



EP 0 343 708 A2 



EXAMPLE 27 



5 22.23-Dihydro-4 ■oxD-S-Otert'butyldimethylsilyiavQmnectin B1 a/Bib 

To a solution of 97 ii\ of oxalyl chloride in 2,5 ml of CH2CI2 stfnred at -60* C a solution of 160 ul of 
dimethyisulfoxid© In 1,0 ml of CH2CI2 was added dropwise over 3 minutes from a syringe. Then a solution 
of 500 mg of 22.23 dihydro-S-O-tert-butyldlmethylsllyl-avermectIn B1 a/Bib in 3.0 ml of CH2CI2 was added 

70 by syringe dropwise during 5 minutes. The reaction mixture was stinred at -60* C for 30 minutes, when 0.71 
ml of triethylamtne was added dropwise. After another 5 minutes at -60*C the cooling bath was removed, 
and the reaction mixture was allowed to come to room temperature. Addition to water, extraction with ether, 
washing with water, drying and concentration in vacuo gave 520 mg of a yellow foam, which was purified by 
preparative layer silica gel chromatography with a CH2Cl2*EtOAC-9:1 solvent mixture to give 470 mg of 

75 pure 22,23-d}hydro-4'-oxo-5-Otert-butyldimethylsliylaven7)ectin Bla/BIb, which was characterized by its 
mass and 300 mHz ^H-NMR spectra. 



EXAMPLE 28 

20 



22,23'Dihydro-4''-oxo-5-Otert-butyldimethylsllylavemiectin SI a/Bib semicarbazone 

25 A solution of 3.0 ml of MeOH containing 22,23-dihydro 4''-oxo-5-Otert-butyldimethylsilylavermectin 
Bla/BIb (50 mg). semicarbazide hydrochloride (14.3 mg), and sodium acetate (15 mg) was stirred at room 
temperature for 2 hours. Then addition of 4 ml of water, extraction with ether, washing with water, drying 
and concentration In vacuo gave 58 mg of crude product Purification by preparative layer ^silica gel 
chromatography with a CHaCb-MeOH-eSiS solvent mixture gave 37 mg of pure 22r23-dlhydro-4'-oxo-5-0- 

00 tert-butyidimethyisllyl*avermectin B1a/B1b semicarbazone. which was characterized by its mass and ^H- 
NMR spectra. 



EXAMPLE 29 

35 



22,23>Dihydro-4''-oxo-avermectin B1a/B1b semicarbazone 

40 A solution of 35 mg of 22,23-dihydro 4''-oxo-5-0-tert-butyldimethylsilyi-avermectin Bla/BIb semicar- 
bazone in 3.5 ml of MeOH containing 1% of p-toiuenesulfonic acid monohydrate was held at room 
temperature for 60 minutes. /Addition of aqueous NaHCOa solution, extraction with ether, washing with water 
drying and concentration In vacuo gave 23 mg of crude product. Purification by preparative layer silica gei 
chromatography using a CH2Cl2-MeOH«94:6 solvent mixture afforded 5^ mg of pure 22;23-dlhydro-4'-oxo- 

45 avermectin Bla/BIb semicarbazone. which was characterized by its mass and ^H-NMR spectra. 



EXAMPLE 30 

50 

S-O-t-Butytdiphenylsilylavermectin B1a/B1b 

A solution of 7^ g of avenmectin 81 a/Bib In 50 ml of N,IM-dimethylfonfnamide was stin-ed with 3 ml of 
66 t-butyldiphenylsityl chloride. 1.5 g Imidazole, and 200 mg N,N-dimethyiaminopyridine at room temperature 
for 48 hours. The reaction was stopped by addition of water, and extraction with dichloromethane afforded 
the product as an oil. High perfonmance liquid chromatography (HPLC) on silica gel using 1.4 : 3 (v:v) ethyl 
acetate : hexane provided 7.7 g purified 5-0-t4>utyidiphenyisllylaventiectin Bla/BIb as a foam, which was 



27 



EP 0 343 708 A2 



characterized by its ^H-NMR spectra. 



EXAMPLE 31 

5 



5-O'tert-ButyldimethytsilyM0,1 l-dihydro'l (Hiydroxyavermectin Bla/BIb 

TO To a solution of 500 mg of 5-Otert-butyldlmethylsllyl avermectin B1 a/Bib in 10 ml of acetone and 1.0 
ml of water was added 1 10 mg of N-bromoacetamlde In one portion. The mixture was stinred In the dark at 
20 *C for 1 h, and work up consisted of addition of water and extraction with ether or dichloromethane. The 
solvent was removed in vacuo and the residual solid was purified by preparative thick layer silica gel 
chromatography using a 1:1 hexane: ethyl acetate solvent system to afford 180 mg of 5-0-tert- 

15 butyldimethylsilyl-1l-bromo-10,11-dihydro-10-hydroxyavemiectin B1 a/Bib. This intermediate product was 
dissolved In 6 ml of toluene, and 0.4 ml of tri-n-butyltin hydride was added. The mixture was heated at 
100'C under an atmosphere of nitrogen for 2 hours. Column chromatography on silica gel with dich- 
loromethane followed by 1:1 hexane : ethyl acetate provided an Initial separation of the product from the tin 
compounds. Rnal purification of the product was achieved by HPLC on a C-18 reverse phase colum, using 

20 a methanol - water liquid phase to afford 60 mg of S-O-tert-butyldimethyteilyi'lO.II-dihydro'lO-hydroxy 
avermectin Bla/BIb which was characterized by its HMH and mass spectra. 



EXAMPLE 32 

25 



5«Otert-ButykJimethylsiiyi-1 0,1 1 -dhydro-l O-hydroxyV-O-trlmethylsllviavenmectin Bla/BI b 

30 To 2.0 g of 5-CHert-butyldimethylsilyM0.1l-dihydro-10-hydroxyavermectin B1a/B1b was added 20 ml 
of freshly distilled dlchtoromethane, 4 jnl of (4A sieve-dried) N.N-dimethyl fomnamlde. and 1.0 ml of freshly 
distilled triethylamine. To this mixture.^ after cooling to 0*C, was added 0.410 ml of chlorotrimefhylsllane. 
The reaction mixture was stin-ed at 20* C for 2 hours. The reaction mixture was then quenched with 300 ml 
of water and 60 ml of a saturated sodium bicarbonate solution. Extraction with dichloromethane and 

35 evaporation of the solvent yielded the product as a solid. Purification by chromatography on silica gel using 
3:1 hexane : EtOAC afforded 1J33 g of 5-O-tert-butyldintethylsilyl-10.11<lihydro-10-hydroxy-4'<)-trimethyl^ 
silylavermectin Bla/BIb which was characterized by its NMR and mass spectra. 



40 EXAMPLE 33 



5*0-tert-Butyldlmethylsllyl-1 0.i 1 njlhydro-l 0>fluoroavermectin 81 a/B1 b 

46 " 

A solution of 1.68 g of 5-O*tBrt^)utyldlmethylsllyl-10,11-dihydro-104iydroxy-4'^>trimethylsll^ 
tin Bla/BIb in 20 ml of freshly distilled dichloromethane under ™*trogen was cooled to -TB'C. To this 
mixture was added dropwise 0.23 ml of diethylamlnosulfur trifluoride. After 1 hour at -78* C the reaction was 
quenched with 5 ml of a 7% aqueous sodium carbonate solution. Extraction with dichloromethane from the 

50 aqueous woriojp afforded 1.73 g of crude products. This mixture of products was dissolved in 20 ml of THF 
: water (9:1) and 125 mg of p-toluenesulfonte add monohydrale was added in one portion. After exactly 15 
min at 20 C the reaction was qudnched by addition of 5 ml of a saturated aqueous sodium bicarbonate 
solution. Dichloromethane extractiorr of the aqueous workup afforded 1.59 g of products (two major 
components by TLC analysis). Chromatographic purification on silica gel using hexane: ethyl acetate (2:1) 

56 afforded 781 mg of 5-O-t8rt-4)utyklime4hylsilyl-10,11-dihydro-10-fluoroavermectin Bla/BIb and 710 mg of 5- 
0-tert-butyldimethylsiiyl*10.11-dihydro-1CWiydroxy avenmectln Bla/BIb. which were characterized by their 
NMR and mass ^ectra. 
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EXAMPLE 34 



5 S-O-teft'Butyidtmethylgllyl-IO.1 1<lihydro-10-fluoro-4''Kixoavem^ Bla/BIb 

To 3.0 ml of freshly distilled dichloromethane at -78* C under nitrogen was added 41 ul of DMSO and 
63 ul of oxalyl chloride. After 1 min. a 1.5 ml solution of 287 mg of 5-0-tert-butyldimethylsily 1-1 0,11- 
dihydro-10-fluoroavermectin Bla/BIb In dichloromethane was added dropwise over 5 mIn, After 2 hours at 

10 -78* C 0»5 ml of freshly distilled triethylamlne was added dropwise to the reaction mixture. After another 
hour at 78* C the reaction was worked up by the addition of 2 ml of a saturated sodium bicarbonate solution 
and wanning to room temperature. Extraction of the product from the aqueous workup with dichloromethane 
and evaporation of the solvent gave the crude product as a solid. Chromatographic purification on sliica gel 
using hexane : ethyl acetate (3:1) afforded 268 mg of 5-O-tert-butyldimethylsiiyl-10,11-dihydro-10-fluoro-4''- 

16 oxoavemfiectin B1 a/Bib whbh was characterized by its NMR and mass spectra 

EXAiVIPLE 35 

20 

5-<)-tert-Butyldimethyl8llyl-10,11-dihydro-10-fiuoro-4"-oxoavenrnectin Bla/BIb toiulc acid hydrazone 

To a solution of 50 mg (0.05 mmol) of 5-O-tert-butyldimethylsilyi-l0,11-dihydro-10-fluoro-4''-oxoaver- 

25 mectin Bla/BIb In 0^ ml of methanol was added 50 w.1 of pyridine. 5 *il of acetc acid, and 10.6 mg (0.07 
mmoi) of p tolulc-acid hydrazide. The reaction mixture was stirred at 20 *C for 18 h when thin layer 
chromatographic analysis (sliica gel, 4% MeOH in CH2CI2) showed the reaction to be completed. The 
reactk>n mixture was quenched with KO ml of a saturated aqueous sodium bicarbonate solution, diluted with 
40 ml of water, and extracted with three 15 ml portions of dichloromethane. The dichloromethane extracts 

30 were combined, dried over anhydrous sodium sulfate, and concentrated to afford the product as a solid. 
Final purification was achieved by preparative silica gel chromatography on plates eluted twice jivith 33% 
ethyl acetate in hexane to afford 51.3 mg of 5-0-tert-butyldlmethylsiiy 1-1 0.11 -dlhydro-10-fIuoro-4''-oxoav8r- 
mectin Bla/BIb p-toluic acid hydrazone, which was characterized by its HUR and mass spectra. 

36 

EXAIVIPLE 36 



40 lO,11-Dihydro-10-fluoro-4^-oxoavemiectin B1a/B1b p-toluic add hydrazone 

To a solutk>n of 51.3 mg of 5-O-tert-butyldimethylsilyi-10.11-dihydro-10-fluoro-4"-oxoavenmectin 
B1a/61b p-toluk: acid hydrazone in 2S ml of freshly distilled tetrahydrofuran (THF) was added 2.5 mi of the 
hydrogen fluoride-pyrldine-THF solution (as described in Example 4). The reaction mixture was stirred 

45 under nitrogen at 20* C for 18 h. after wfiich 20 ml of ether was added. The mixture was transferred to a 
spearatory funnel containing ether and aqueous sodium bicarbonate. The neutralized aqueous layer was 
extracted with ether and the combined ether extract was dried over magnesium sulfate. The ether was then 
removed in vacuo to affdrd the product which was purified by chromatography on thick^layer silica gel 
plates eluted twice with 60% acetate in hexana The purified 10.1 1-dihydrth10-fluoro*4'-oxoavenfnec!in 

50 Bla/BIb p*totuic acid hydrazone (31 mg) was characterized by NMR and mass spectroscopy. 



EXAMPLE 37 

55 

5-O-tert-Butylcflrnethyldlyi-10.11-dihydro-10-fiuoro-4''-oxoavermectin Bla/BIb semicart>azone 
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To a solution of 50 mg (0.05 mmol) of 5-0-teit-biityldlmethylsiiyl-10J1<lihydro-10-fluoro-4''-oxoaver- 
mectin B1a/B1b in 1 ml of n^anol was added 50 ul of pyridine and 50 mg of semlcarbazide 
hydrochloride. The reaction mixture was stinred at 20* C for 18 h and then transfeaed to a separatory funnel 
containing 30 ml of water. The mixture was extracted with three 20 ml portions of ether, and the ether 

5 extracts were combined, dried over sodium sulfate, and concentrated to afford the product as a glossy 
solid. Initial purification was achieved by silica gel thick -layer chromatography to remove the pyridine and 
traces of impurities (eluting 3 times with 4% methanol in dichloromethane). Rnal purification was accom- 
plished by reverse phase HPLC using a C18 Whatman Partisil M20 10/50 ODS-3 column eluting with 
methanol-water (90:10) to afford 31 mg of 5-0-tert- butyldimethyldllyl-10.11<lihydro-10-fluoro-4''-O9(oav6r- 

10 mectin B1 a/Bib semicarbazone which was characterized by its NMR and mass spectra. 



EXAMPLE 38 

IS 

10,11<iihydro-10 fiuoro-4''-owavenmectin B1a/B1b semicartjazone 

The desllylation procedure given in Example was fdtlowed utilizing 31 mg of 5-Otert-butyidimethylsllyh 
20 10,11-dihydro-10-fluoro-4"-oxoavermectin 81 a/bib semicarijazone. 1.5 ml of THF, and 1.5 ml of HF-pyridine 
solution. The same aqueous woricup, followed by chromatographic purification (silica gel TLC eluting 2 
times with 1% methanol In ethyl acetate) afforded 24 mg of 10.11-dihydro-10-fiuoro*4'-Qxoavennectin 
B1 a/Bib semicarbazone. which was characterized by Its NMR and mass spectra 

25 

EXAMPLE 39 



30 5-O-tert-ButyldlmethylsilyH0,11«dihydro-10-fluoro-4''-oxoavermectln B1a/S1b 4,4 dmethylsemicarbazone 

The procedure jDutlined in Example 35 was followed using 49.6 mg of 5-0-tert-butyldimethylsilyl-10,11- 
dihydro*10-fluoro^^-oxoavenmectln B1b/81b, 0.5 ml of methanol, 50 ul of pyridine. 5 ul of acetic acid, and 
6.8 mg of 4.4 dimethylsemicarbazlde. The same aqueous woricup, followed by reverse phase IHPLC 
35 purification (C18 Magnum 20 column, mobite phase methanoi-water 90:10) afforded 23 mg of pure 5-0-tert- 
butyldimethylsifyl-10,11-dihydro-10-fluoro-4''-oxoavenmectin B1a/B1b 4,4-dimethylsemicarbazone. which was 
characterized by its NMR arKf mass spectra 



40 EXAMPLE 40 



10.11-Dihydro'10-fluoro*4*'*oxoavermectin Bla/BIb 4.4-dimethylsemicarba2one 

46 

The procedure^outlined in example 38 was followed using 23 mg of S-O-tert-butyldimethyisilyl-IO.II- 
dihydro-10-fluon>4'-oxoavennectln Bla/BIb 4,4<limethyl8emicari5azone. 1.2 ml of THF. and 1.2 ml of HF- 
pyridine solution. The same aqueous woricup after 18 h at 20* C, followed by silica gel TLC (2 elutions with 
1% methanol in ethyl acetate) afforded 10 mg of l0.11-dlhydro-lO-fluoro-4"-oxoavennnectin Bla/BIb 4.4- 
50 dimethylsemlcari^azone, which was characterized by its NMR and mass spectra. 



EXAMPLE 41 

55 

5-O-tBrt-ButyldtmethylsilyM0,11<fihydrD*t0-fluoro-4''-<>xoavemnectin Bla/BIb p-toluenesulfonylhydrazone 
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The procedure outlined in Bcample 35 was followed using 100.3 mg of 5-O-tert-butyldimethylsityl-10,11- 
dlhydro-10-fluoro-4'-oxoavermectin Bla/Blb. 1.0 ml of nr^ethanol, 100 of pyridine, 10 u\ of acetic acid, 
and 24.6 mg of p-toluenestjifonylhydrazine. After 18 h at 20'C. the sanr>e aqueous workup, followed by 
preparative silica gel TLC produced the two products A (28,3 mg) and B {5Q2 mg). Compound A (RF « 
5 0.5, hexane:ethylacetate 2:1) had an NMR spectrum which was consistent with the desired product while 
compound B (Rf = 0.45 ) had an NMR spectrum which indicated poesible epimerization at the 3* or s' 
position. Compound A was further purified by reverse phase HPLC (CIS Magnmum 20 column, methanol- 
water 91:9) to yield 22 mg of 5-0- tert-butyl-dimethyl-silyl-10,11-dlhydro-10-fIuoro-4''-oxoavemnectin 
Bla/Blb p-toluenesuifbnylhydrazone, which was characterized by its mass and ^H-NMR spectra. 



EXAMPLE 42 



16 

10,1l-Dlhydro-10-fluoro^''-oxoavenmectin Bla/Blb p-toluenesulfonylhydrazone 

The procedure of Example 36 was followed using 22 mg of 5-O-tert-butyldimethyl5ilyl-l0,11-dlhydro-t0- 
fluoro-4''*oxoavermectin Bla/Blb p-toluenesuifonylhydrazone, 1.1 ml of THF and 1.1 ml of HF-pyridine 
20 solution. After 18 h at 20* C. the same aqueos workup, followed by ^silica gel preparative TLC (1:1 hexane 
ethyl acetate. 2 elutlons) afforded 9 mg of 10,11-dihydro-10-fluoro-4'-oxoavemiectin B1a/B1b p-toluenesul- 
fonylhydrazone. which was characterized by its NMR and mass spectra 



25 EXAMPLE 43 



5*0-tert-ButyldimethyisilyM''Oxoav9rmectin B1a/Blb methoxime 

30 , 

To a solution of 100 mg of 5-0-tert-butyldimethylsilyl-4 -oxoavermectin Bla/Blb in 5 ml of methanol 
was added 50 mg of Omethylhydroxylamlne hydrochloride and 100 microliters of pyridine. The mixture 
was stinted at 20* C for 16 h. The solvent was then removed in vacuo. The residue was dissolved In 
dichloromethane and purified by preparative thin layer silica ^gel chromatography (Rf - 0.75, hexane: 
36 ethylacetate 2:1) to afford 70 mg of 5-Otert-butyldimethylsilyi-4'-oxo8vennnectln Bla/Blb methoxime, which 
was characterized by its NMR and mass spectra. 

EXAMPLE 44 

40 



4''Oxoavennectin B1a/B1b methoxime 

45 To 65 mg of 5-0-tert-buty!dimethylsilyl-4*-oxoavermectin B1a/B1b methoxime in a polypropylene vial 
was added 2 ml of THF and 2 ml of hydrogen fluorlde-pyridine solution according to the procedure fully 
described In Example 4. The reaction mixture was stirred at 20* C for 16 h. Standard aqueous wori<up and 
preparative TLC purification affbnjed 55 mg of 4'-oxoavermectln B1a/61b methoxime, which was character* 
ized by its NMR and mass spectra 

50 

EXAMPLE 45 



55 

5-0-tert-ButylcBmethyisllyl-4"-oxoavermectin Bla/Blb semicariaazone 

To a solution of 200 mg of 5-0-tert-butyldimethylsilyl-4*-oxoavermectln Bla/Blb In 2 ml of methanol 
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and 2 ml of pyridine was added 200 mg of semicarbazide hydrochloride. The mfocture was stirred at 20* C 
for 18 h and the solvent was removed in vacuo . The residue was purified by preparative TLC (silica gel. 4% 
methanol in dit^ioromethane) to afford 82 mg of a band with an Rf of 0.40. Further , purification by reverse 
phase HPLC (92:8 vN methanol: water) afforded 58 mg of pure 5-0-tert<butyldime1hyl8llyh4''<OKoavermectin 
5 Bla/eib semicarbazone, which was characterized by Its NMR and mass spectra 



EXAMPLE 48 



4'Oxoavermectln B1 a/Bib semicarbazone 

When 5-0-tert-butyldlmethylsilyl-4"«oxoavermectin 81 a/Bib semlcart^azone was reacted according to 
75 the procedure of Example 36, 4'-oxoavermecfin B1a/B1b semicarbazone was obtained as product which 
was characterized by its mass and ^H-NMR spectra. 



EXAMPLE 47 

20 



4'-Epi-(2,2-dimethyihydrazin-t-ylH*«deoxy'avenmectin B1 a/Bib 8,9>oxide 

25 A solution of 135 mg of 4'-epi-(2,2-dimethyIhydrazin-1-yl)-4''-deoxy-avermectln 81a/B1b and 8 mg of 
vanadium(tll) acetylacetonate in dry CH2CI2 is treated with a solution of 71 al of a 3.0 molar solution of tert- 
butyl hydroperoxide in toluene and left at room temperature for 22 hours. Then the reaction mixture is 
poured into aqueous dilute sodium bicarbonate, and the product extracted with methylene chloride. The 
extract is washed with aqueous sodium bicarbonate solution and water, dried and evaporated In vacuo. 

30 Purification of the residue by preparative TLC on silica gel gives 4''-epi-(2,2-dimethyIhydrazin'^-yl)-4 '- 
deoxy-avermecttn B1 a/Bib 8,9-oxide. which is characterized by its mass and 1H NMR spectra 

Claims 

35 

1. A compound having the formula 



40 



46 



50 




wherein m is 0 or 1; 
Ri is 
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R-{X)„- 



R-<x)„- 




RON = 

wherein n is 0 or 1; 

R Is hydrogen, amino, loweralkyt, mono- or di-!ower alkyl amino, methoxyloweralkylamino, diloweral- 

kylaminoloweralkyl. dlloweralkylaminoiowBralkylami'no, loweraJkylphenyl, loweraikyi phenylamino, loweral- 

koxyphenyl, loweralkoxyphenylamino. halophenyl. halophenylamino, sulfamylphenyl, sulfemyi-phenylamino. 

morpholinyl, N-loweralkyI piperazinyl, N-{loweraikoxyphenyi)piperaziny!. l>Hhaiophenyi)piperazlnyl, ben- 

zlmidazolylamino, pyrimldinylamlno. thiazolylamino, benzothlazolylamino or N-(!oweralkylphenyi)piperzinyl. 

r' Is hydrogen or loweraikyi; 

X is carbonyi or sulfonyl; 

A is a- double bond or an epoxide: 

B is a single bond or a double bond; 

Ra is hydrogen or hydroxy, 

Ra Is Iso-propyl or sec-butyl. 

Fit is hydroxyl or methoxy, 

Rs and Rfi are present only when B Is a single bond and are independently hydrogen, hydroxy or halogen; 
and the broken line Indicates a single or a double bond at the 22,23 position, provided that Ra is hydroxy 
only when the broken line indicates a single bond. 
2. The compound of Claim 1 wherein m is 1; 



and R Is, amino, toweralkyi, mono- or dWower alkyl amino, methoxyloweralkylamino. diloweral- 
kylaminoloweralkylamino. loweralkylphenyl. loweraikyi phenylamlno. halophenyl, halophenylamlno. mor- 
pholinyl, N-loweralkylpiperazinyl, N-(loweralkoxyphenyl)piperazinyl, IM-(halophenyl)piperazinyl. or N- 
(loweralkyl phenyl) piperazinyl; 
or Ri Is -NH-NRR 

and R Is. loweraikyi, methoxyloweralkyi, diloweralkylamimHoweralkyl. loweralkylphenyl, halophenyl, mor- 

pholinylcarbonyl, N-loweralkyl piperazinylcarbonyl. or N-(ioweralkylphenyl)piperazinylcarbonyl; 

A Is a double bond 

B is a single bond or a double bond; 

Rz Is hydrogen 

R3 is l^-propyl or sec-butyl. 

R4 is hydroxy 

Rs and Rg are present only when 8 is a single bond and are independently hydrogen or fluorine, 
and the broken line indicates a single or a double bond at the 22,23-position. 

3. The compound of Claim 2 wherein m « 1 

Is =NNH-?-R 

and R is, mono- or dHoweralkylamino. diloweralkylamino-, kweralkylamlno, loweralkylphenyl, halophenyl, 
N-loweraikylplperazinyl or l4-{ioweralkylphenyi)piperazinyt; 
or Ri is -NH-NRR' 

and R Is loweraikyi. or N-(loweralkylphenyl)plperazinyl; 

r' Is hydrogen or loweraikyi; 

A is a double bond 

B is a double bond; 

R2 is hydrogen: 

R3 is Iso-propyl or sec-butyl. 

Ri Is hydroxyl; 

Rs and Re are hydrogen;' 

and the broken line indicates a single or a double bond at the 22,23-posltion. 

4. The compound of Claim 3 which is 4''-Oxoavermectin B1 a/Bib 4,4-dimethylsemicart>a2one. 

5. The compound of Claim 2 which Is 10,11-Dlhydro-10-fIuoro-4'-oxoavermectln B1a/B1b-semicar- 
bazone. 

6. The compound of Claim 3 which is 4*-Qxodvemi6Ctin B1a/B1b 2-{4-<4-chkDrophenyl)plperazin-1-yi)- 
carbonyllhydrazone. 
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7. The compound of Claim 3 which is 4''-Oxoav©rm©ctin B1 a/Bib 2-{[4-(4-tQlyl)pip8fazln-1-yl]. 
carbonyi}hydrazone. 

a The compound of Claim 3 which Is 4'-0pK2.2-Dim0thylhydra2in-1-y[-4''-deoxyav8mnectin B1a/B1b. 

9. The compound of Claim 3 which is 22,23-Dlhydro-4''-epi-(2,2-dimethylhydrazin-1-yO-4"-deoxyaver- 
5 mectin B1a/B1b. 

10. The compound of Claim 1 which is 22^Dihydro-4'-epi-(2,2-dimethylhydra2in-l-yl)-4'-dooxyaver- 
mectln B1 a/Bib monosaccharide. 

11 . A process for the preparation of a compound of Claim 1 which comprises treating the corresponding 
4 or 4 keto compound with 

70 ^* 
R (X)„ ri-NHa 

and optionally reducing the compound produced thereby. 

12. The use of a compound of Claim 1 for the preparation of a medicament useful for the treatment of 
parasitic infections. 

76 13. A composition useful for treating animals infected with parasites which comprises an inert canier 
and a compound of Claim 1. 

14. A method fbr the treatment of parasitic infestations which comprises treating an Inanimate area so 
infested with parasites with an effective amount of a compound of Claim 1. 

15. A composition useful for treating areas of parasitic infestations which comprises an Inert carrier and 
20 compound of Qaim 1. 



Claims for the following Contracting State: ES 
25 1.- A process for the preparation of novel avenmectin derivatives having fbrniula I 



50 



35 



40 




50 



wherein m rs 0 or 1; 
Ri is 

r' 



NH - or 



R-OQ„- 
RON ^ 

wherein n is 0 or 1 ; 

R is hydrogen, amino, loweralkyl, mono- or dNower aikyi amino, metiioxyloweraikylamino, diloweral- 
55 fcylaminotoweralkyi. dilowerattcylaminoloweralkylamino, loweralkylphenyl. taweralkyi phenylamino, towerah 
koxyphenyl, toweralko>cyphenylamino, haiophenyl, halophenylamlno. sulfamylphenyL sulfamyl-phenylamino, 
morpholinyl. NHoweralkyl ptperazinyl. I^K^oweralkoxyphenyllplperazinyl, N-(halophenyl)piperazinyl. ben- 
zimidazolylamino. pyrimlcfinylamino, tiiiazolylamino, benzotiilazolylamino or N-0oweralkylphenyl)piper2inyl 
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R is hydrogen or loweralkyi; 
X is carbonyi or sulfonyl; 
A is a double bond or an epoxide: 
B is a single bond or a double bond; 
5 R2 Is hydrogen or hydroxy, 
Ra is iso-propyl or sec-butyl, 
R* is hydroxyl or methoxy, 

Rs and Re are present only when B Is a single bond and are independently hydrogen, hydroxy or halogen; 
and the bnDken line indicates a single or a double bond at the 22^3-position. provided that Ra is hydroxy 
10 only when the broken line indicates a single bond, 
characterized by 

reacting the corresponding 4"- or 4'-oxo avermectlns of formula II 



16 



20 



29 



30 



OS 



40 



SO 



55 




wherein R2, R3. R*. Rs, Rs. A, B and m are those previously defined, 
with: 

a) A compound of formula 

R.(X)„- ^I^NH2 

wherein R. r\ X and n are those previously defined In order to render a compound of formula I, in which Ri 

R^. N-N = 

and, optionally, reducing the compound previously obtained In order to render a compound of formula I In 
which / 

f 

Ri is R-OQa- n-NH- : 

2. The process of Claim 1 wherein m is 1; 

R, is =NNH- I-R 

and R is, amino, loweralkyi, mono- or di-lower alkyi amino, methoxyloweralkylamino, diloweral- 
kylaminoloweralkylamino, loweralkytphenyl, loweralkyi phenylamino, halophenyl. haiophenylamlno. mor- 
pholinyl. N-loweralkylpiperazinyl, N-(loweralkoxyphenyl)plpera2fnyl N-{hatophenyl)piperazinyl, or N- 
(loweralkyi ph^yl) piperazinyl; 
or Ri is -NH-NRR' 

and R is. low^kyl, methoxyloweralkyl. diloweralkylamlno-loweralkyi, loweralkylphenyl, halophenyl, mor- 

pholinylcarbonyl. N^oweralkyl i;^pera2inyicarbonyl. or N-(loweralkyiphenyl)piperazinylcarbonyl; 

A is a double bond 

B is a single bond or a double bond; 

Ra is hydrogen 

Rd is {^-propyl or sec-butyL 
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/ 

/ 

R4 is hydroxy 

R5 and Bs are present only when B is a single bond ard are independentiy hydrogen or fluonne* 
and the broken line indicates a single or a double bond at the 22^3-position. 

3. The process of Claim 2 wherein m = 1 
5 O 

R, is»NNH-C.R 

and R Is, mono- or dl-loweraikylamino, diloweralkylamfno*. bweraikylamino. Iowera(l<ylphenyl, halophenyl, 

N-loweraikylplperazJnyl or l^lowerall<ylphenyl)pipefazlnyl; 

or Ri is -NH-NRR 
70 and R Is lowerallcoxy. or N-(toweraII(ylphenyl)piperazinyl; 

r' Is hydrogen or jowerallcyl; 

A Is a double bond 

B is a double bond; 

R2 is hydrogen; 
T5 R3 is Iso-propyi or sec-butyl, 

R4. is hydroxyl; 

Rs and Re are hydrogen; 

and the broken line indicates a single or double bond at the 22.23-position. 

4. * The process of claim 3 wherein the compound obtained is 4''-Oxoavermectin B1a/B1b 4,4- 
20 dimethylsemicarbazone. 

5. - The process of claim 2 wherein the compound obtain^ is 10.11-Oihydro-10-fluoro-4'-oxoavennnectin 
81 a/B1 b*semicarbazone. 

6. - The process of claim 3 wherein the compound obtained is 4''-Q>coavenmectin 81 a/Bib 2"[4-(4- 
chlorophenyl)-pipera2irv'1-yI)carbonyl]hydrazone. 

26 7.- The process of daim 3 wherein the compound obtained is 4''-Oxoavermectin B1 a/Bib 2-{[4-(4-tolyl)- 
piperazin-Vyl] cart)onyl}hydra2one. 

8. - The pnjcess of claim 3 wherein the compound obtained is,4''-epi-{2.2-Dlmethylhydra2in-1-yI-4''- 
deoxyavermectin Bla/Blb. 

9. - The process ^of claim 3 wherein the compound obtained is 22,23-Dihydro-4'-epi-(2,2« 
30 dimethylhydrazin-1'yl)-4''-deoxyavermectin Bla/Blb. 

10. - The process of claim 1 . wherein the compound obtained is 22,23-Dihydro-4'-epl-{2,2- 
dimethylhydrazin-1-yl>-4'-deoxyavermectin B1 a/Bib monosaccharide. 

1 1 A method for protecting agricultural crops from agricultural pests that inflict damage upon crops 
while they are growing or while in storage, characterized by applying on said crops an effective amount of a 
35 compound of formula 1 obtained according to the process of claim 1. 

12.- A composition useful for protecting agricultural crops which comprises an Inert carrier and a 
compound of formula I obtained according to the process of claim 1. 
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